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Abstract

The incidence of diseases associated with the metabolic syndrome has rapidly
increased in recent years. The most common of these diseases is Type 2
Diabetes. Research into ways of alleviating the pathogenicity of Diabetes is
ongoing, and the increase in diagnosis in recent years has motivated scientists to
investigate novel risk markers to help predict and prevent Type 2 Diabetes
Mellitus and the diseases associated with it.

Adiponectin has become an important molecule in this search. Despite being
released from adipose tissue, adiponectin correlates inversely with body fat in
humans and animals. It also exhibits important metabolic regulatory functions
such as glucose regulation and fatty acid catabolism and has been suggested to

have anti-inflammatory properties.

This thesis reviews literature on the adiponectin molecule and aims to explore
the complex functioning of this adipokine and its relationship to Cardiovascular
Disease (CVD) and Diabetes. The methodological considerations chapters focus
on pre-analytical and analytical variables that may affect the collection of blood
and the measurement of the molecule. We observed the molecule to be very
stable. The measurement of both the high molecular weight (HMW) and total
adiponectin species were not affected by up to 7 freeze thaw cycles.
Furthermore, blood processing times and temperatures did not significantly alter
results. Although the R&D systems adiponectin kits do not advise the use of
citrated plasma, we validated its use in these kits and although absolute
concentrations were lower than with EDTA plasma, they were consistently lower
throughout the measured sample set. Two other commercial kits (Mercodia and
ALPCO diagnostics) were tested for performance against the R&D systems
Enzyme-Linked Immunosorbent Assay (ELISA) kit. Although there were
differences between absolute values in each kit, the overall performance of the

kits were satisfactory as judged by Bland-Altman plots.

In the first of the two clinical associations chapters, we report, from a
prospective study of older British women, no evidence of any association of HMW

adiponectin (or its ratio to total adiponectin) with incident vascular events and
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suggest that circulating concentrations of adiponectin (and its fractions) may be

more strongly aligned to the risk for Diabetes than to vascular events.

The final study investigates the relationship between B-type natriuretic peptide
(BNP) and adiponectin in Acute Coronary Syndrome (ACS) patients. Adiponectin
and BNP are both known to be positively associated with risk of poor outcome,
and with each other, in cross-sectional studies. However, serial changes in these
parameters, following ACS, have not previously been measured. In this study,
adiponectin and BNP positively correlated at baseline, 7 weeks, and importantly,
change over 7 weeks in both parameters was significantly correlated. We
reported that increases in plasma adiponectin (rather than absolute levels) after
ACS are related to risk of adverse outcome, but that this relationship is not
independent of BNP levels. Our results allude to a potential direct or indirect
effect of BNP on adiponectin levels, post-ACS; an observation that requires

further investigation.

In summary, this thesis has shown adiponectin to be a very stable and robust
analyte in plasma or serum, with good reproducibility within persons and broadly
between differing assays. Whilst there are clear data linking low adiponectin
with incident diabetes, our clinical studies show adiponectin has more complex
associations with vascular disease, perhaps mediated in part by a complex
interaction with BNP. Further genetic studies are needed to elaborate causal

association for this complex molecule.
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Chapter 1: Introduction
Chapter I

Introduction

1.1 The Adiponectin Molecule

1.1.1 Background Information to the Molecule

Adiponectin was originally identified, and given different names, by four
independent groups over a decade ago. It was first discovered by Scherer and
Lodish (Scherer et al, 1995)) who named it adipocyte complement-related
protein of 30kDa (ACRP30), in a subtractive hybridization screen comparing
3T3-L1 adipocytes (cloned cell lines from mouse embryos with the ability to
differentiate into cells resembling adipocytes (Panigrahy et al, 2002)) with
undifferentiated pre-adipocytes. Spiegelman and colleagues (Hu et al, 1996)
then adopted the same approach but they called the protein they isolated,
AdipoQ. Human adiponectin, which is 83% the same as the mouse polypeptide,
was first cloned by Matsuzawa and colleagues (Maeda et al, 1996) who called
it adipose most abundant gene transcript 1 (apM1). Finally Tomita and
colleagues (Nakano et al, 1996) employed a very different method by isolating
adiponectin from human plasma by utilising its affinity for gelatine, thereby
naming it gelatine binding protein. In this thesis | will refer to the molecule as
the better known name, adiponectin.

After the first description of the molecule in 1995 there was a gap in
literature (Whitehead et al, 2006), and the physiological and
pathophysiological importance has only been well documented in recent
years. Greater than 4000 publications have implicated this molecule’s role in
various pathological states (Shetty et al, 2009). The adiponectin gene encodes
a secreted protein expressed predominantly in white adipose tissue (WAT) and
brown adipose tissue (Kadowaki et al, 2005). It circulates at high levels in
human plasma accounting for approximately 0.01% (0.5-30 ug/mL) of all
plasma protein in normal individuals (Magkos et al, 2007), ~1000-fold higher
than other hormones such as leptin and insulin. Gender has an effect on
concentrations of adiponectin, with females having higher levels than males

(Xu et al, 2005). It is also well known that adiponectin levels increase with



Chapter 1: Introduction

age, however the cause of this is still unknown (Sattar et al, 2008). Sattar and
Nelson (Sattar et al, 2008) suggest rises in age related adiponectin may be as
a result of a salvage mechanism against age related illness such as metabolic
dysfunction, atherosclerosis and other inflammatory conditions. This will be
discussed later in section 1.2.1 of this chapter on how adiponectin relates to

cardiovascular disease (CVD) and heart failure.

1.1.2 Structure

The molecule is a 244-amino-acid long adipokine secreted from adipocytes
(www.RnDSystems.com). The gene product is a 30kD protein (Scherer et al,
1995), however this is not found in circulation. Adiponectin automatically
self-binds to form larger structures and there are different multimeric forms
including low molecular weight (LMW) trimers, middle molecular weight

(MMW) hexamers, high molecular weight (HMW) oligomeric structures and

finally globular adiponectin (gC1q domain) (Figure 1.1 (Magkos et al, 2007)). It

has been proposed that this globular fragment is generated by proteolytic
cleavage of adiponectin multimers by leukocyte elastase secreted from
activated monocytes and/or neutrophils (Kadowaki et al, 2005); however the

pathophysiological importance of this cleavage remains to be determined.
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Figure 1.1: The Different Multimeric Forms of Adiponectin
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1.1.2.1  Monomeric structure

There are four distinct regions of adiponectin (Figure 1.2). The protein starts
with a short signal sequence which acts to target the hormone for secretion
outside the cell, then it leads into a short region that is variable between
species, followed by an amino-acid region that shows similarity with

collagenous protein, and finally ending with a globular domain.

Figure 1.2: Schematic Diagram Showing the Protein Structure of Adiponectin

1 17 45 110 247

Signal Collagen like
NH, —{ Peptide domain gC1q domain ——COOH

Abbreviations for figure 1.2: COOH, Carboxylic acid; gC1q, Globular domain;
NH2, Nitrogen di-hydroxide (amine group).

Takeuchi et al, 2007 (Med Mol Morphol)

1.1.2.2 Higher order structures

Initially, three adiponectin molecules bind together to form a homotrimer.
The trimers continue to self-associate and form hexamers or dodecamers (Tilg
et al, 2006). Like the plasma concentration, the relative levels of the higher-
order structures are sexually dimorphic (Xu et al, 2005; Hug et al, 2004),
where females have increased proportions of the high-molecular weight
forms. The varying forms have altered biological activity and therefore may
also have separate functions. The gC1q domain and the trimeric forms of
adiponectin activate AMP Kinase in skeletal muscle and lead to increased fatty
acid oxidation and reduction in glucose concentrations (15), whereas the
hexameric and full length HMW forms are thought to activate nuclear factor
kappa B (NF-kB) pathways (Hug et al, 2004). Conflicting literature on this
association will be discussed in detail below in section 1.4.1. The proportion
of HMW adiponectin within adipose tissue is higher than in blood plasma
(Kadowaki et al, 2005), suggesting regulation at the level of secretion is a

mechanism of adiponectin complex distribution. All isoforms of the molecule



Chapter 1: Introduction

are stable in circulation, do not seem to be able to interconvert and are
relatively long-lived (half-life of ~15hrs) (Kadowaki et al, 2005).

1.1.2.3 Homology to Tumour Necrosis Factor alpha (TNFa)

Despite there being unrelated protein sequences, the 3-dimensional structure
of the gC1q domain of adiponectin has a striking homology to TNFa, and has
been subsequently named as a TNF superfamily member. TNFa is a cytokine
involved in systemic inflammation and the acute phase response. It induces
the hepatic expression of acute phase proteins. The molecule seems to
possess both growth promoting and growth inhibiting properties, as well as
mastering a self regulatory function. In spite of the lack of homology at the
primary amino acid sequence level, the structural features between TNFa and
adiponectin are highly conserved (Scherer et al, 1995) (Figure 1.3 (Schapiro et
al, 1998)). Both proteins form bell- shaped homotrimeric oligomers, and the
evolutionary relationship between adiponectin and TNF family proteins
suggests that the human adiponectin receptor may also be a member of the

TNF receptor superfamily.
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Figure 1.3: Crystal Structure of the Globular Domain of Adiponectin (ACRP30
gC1q domain) and comparison with the TNFa trimer

The amino terminus of each ACRP30 protomer is labelled. The collagen stalks
would protrude from these amino termini. The three-fold axis is non-
crystallographic. The three colours highlight the fact that both proteins form
homo-trimeric oligomers.

ACRP30 TMNFe

N,

t

Abbreviations for figure 1.3: ACRP30, Adipocyte Complement-Related Protein
of 30kDa; TNFa, Tumour Necrosis Factor Alpha.

Schapiro et al, 1998 (Current Biology)
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1.1.3 Receptors and Signaling

Two receptors have been identified that bind adiponectin: Adipo R1 and Adipo
R2. AdipoR1 was first identified when encoding cDNA was isolated from human
skeletal cDNA library by screening for adiponectin binding (Takeuchi et al,
2007). The AdipoR2 was identified later due to its striking homology to
AdipoR1. Both are surface membrane proteins (Takeuchi et al, 2007) and have
homology to G protein- coupled receptors. The receptors have different
affinities to the various molecular forms of adiponectin. AdipoR1 and AdipoR2
are found in liver, muscle and adipose tissue in humans; however AdipoR1 is
predominantly expressed in skeletal muscle whereas AdipoR2 is more
predominant in the liver (Takeuchi et al, 2007). AdipoR1 is a high-affinity
receptor for globular adiponectin as well as having a lower affinity for full
length adiponectin. In contrast the AdipoR2 receptor has an equal
intermediate affinity for globular and full length HMW adiponectin (Takeuchi
et al, 2007). The receptors affect a very important cellular metabolic rate
control point, by targeting AMP-activated protein Kinase (AMPK), downstream.
AMPK is a stress induced kinase that is activated in response to depleting
Adenosine triphosphate (ATP) or increasing Adenosine monophosphate (AMP)
levels. AMPK activates ATP and generates catabolic processes such as fatty
acid breakdown and glycolysis and shuts down ATP-consuming processes such
as lipogenesis (Shetty et al, 2009). Expression of these receptors is correlated
with insulin levels (Kadowaki et al, 2005). A review of studies involving the
adiponectin receptors suggests that they may have an important role in
adiponectin physiology. Key findings suggest that changes in expression of
AdipoR isoforms in skeletal muscle (rather than total circulating adiponectin
concentrations) may be of physiological importance (Vu et al, 2007), although
this may reflect a form of “adiponectin resistance” particularly in less healthy
individuals.

More recently, by means of expression cloning, T-cadherin has been
recognized as an adiponectin receptor on vascular endothelial cells and
smooth muscle (Takeuchi et al, 2007). The expression of this cadherin
molecule is known to be correlated with atherosclerosis (Tilg et al, 2006), the
pathogenesis of which adiponectin is thought to have an effect on. T-cadherin

and adiponectin also both show protection against vascular endothelial cell
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apoptosis which means that they may have overlapping biological properties
in injured endothelial cells (Tilg et al, 2006). The receptor is a
glycosylphosphatidylinositol-anchored* extra-cellular protein that binds
hexameric and HMW adiponectin but not trimeric or globular species (Hug et
al, 2004). Interestingly the amino acid sequence of T-cadherin has been well
conserved through evolution, suggesting that it may indeed play an important
role in higher order vertebrates (Tilg et al, 2006). T-cadherin lacks a
cytoplasmic domain, and therefore it is believed that it does not act as a cell-
cell adhesion molecule and is not restricted to cell-cell boundaries but is
rather found over the entire surface membrane (Tilg et al, 2006). The
molecular mechanisms of any transmission of the adiponectin signal into the
cytoplasm and nucleus remain unclear. Hug et al (Takeuchi et al, 2007)
reported that only eukaryotically expressed adiponectin bound to T-cadherin,
implying that there was some post translational modification of the molecule
critical for binding. Although the understanding of the roles and regulation of
these modifications is incomplete, it is clear they contribute to adiponectin
multimerisation and function. The cysteine residue situated in the amino
terminal variable domain of adiponectin is involved in disulphide bond
formation, essential for the oligomerisation process (Whitehead et al, 2006).
Other post-translational modifications include hydroxylation of conserved
proline and lysine residues within the variable and collagenous domain, and
these lysine residues are further modified by the addition of a
glucosylgalactosyl group. The structural significance of these modifications
has not been reported but with a mutation in four of the five genes encoding
the lysine residues, a significant decrease in the insulin-sensitising action of

adiponectin is seen (Nakano et al, 1996).

Hug’s study (Hug et al, 2004) also suggests that because of its extracellular
nature, T-cadherin may also act as a co-receptor for as yet unidentified
signaling receptors, through which adiponectin transmits metabolic signals. It

is also

! Glycosylphosphatidylinositol-anchored proteins (GPI-APs) are a functionally and structurally diverse family of post-
translationally modified membrane proteins found mostly in the outer leaflet of the plasma membrane in a variety of
eukaryotic cells. Although the general role of GPI-APs remains unclear, they have attracted attention because they
act as enzymes and receptors in cell adhesion, differentiation, and host-pathogen interactions (Elortza et al, 2003).
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possible however that T-cadherin may be acting as a non-signalling decoy
receptor of adiponectin. More studies of this nature are required to unravel

the mystery of the T-cadherin/adiponectin signal pathway.

Adiponectin is also known to be involved in is the regulation of peroxisome
proliferator-activated receptor (PPAR) activity (Kadowaki et al, 2005). PPARs
play an important role in cellular functioning including lipid metabolism, cell
proliferation, differentiation, adipogenesis and inflammatory signalling (Han
et al, 2008). There exist three different isomers of the PPAR (a, B,y), each
with its own ligand activators and each being involved in different processes
within the cell, ranging from transcription mediation to fatty acid storage. For
example a PPARa agonist increases the expression of adiponectin receptors in
WAT and a PPARy agonist increases the amount of high molecular weight
multimers compared to total adiponectin (Tsuchida et al, 2005). Treatment of
obese animals by specific PPAR B agonists causes metabolic parameters to
normalise and results in the reduction of adiposity (Tenenbaum et al, 2005)
and hence may prevent the development of obesity (Yamauchi et al, 2002).
When adiponectin is secreted from WAT it binds to its receptor (AdipoR1 or
AdipoR2). With this binding it activates AMPK and PPARa (figure 1.4 (Dupont
et al, 2008)). Ligand bound PPAR forms a heterodimeric complex with the
retinoid X receptor (RXR) which is capable of binding to specific response
elements, termed peroxisome proliferator response elements (PPRE) (Figure
1.5 (Gervois et al, 2007)). This interaction in the promoter region of target
genes allows the PPAR to regulate gene expression, in particular adiponectin
gene expression. Therefore, adiponectin is, to some extent self-regulatory
through PPAR. PPARs may repress gene transcription by a mechanism that is
independent of DNA binding (left of figure 1.5).This mechanism includes
interference by PPARs with other transcription factor pathways such as those
involving NFKB, signal transducers and activators of transcription protein
(STAT), CCAAT/enhancer binding protein (C/EBP), and activator protein-1
(AP-1), which modulate the expression of genes involved in inflammation
pathways. In the liver, full length adiponectin activates AMPK, thereby
reducing the production of molecules involved in gluconeogenesis and

increasing phosphorylation of acetyl coenzyme-A carboxylase (ACC) as well as
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fatty acid oxidation. In the skeletal muscle both globular and full length
adiponectin bind to the receptors to activate AMPK and stimulate
phosphorylation of ACC, fatty-acid oxidation and glucose uptake (Kadowaki et
al, 2005).These cascades both result in decreased triglyceride content and

increased insulin sensitivity in the cells (Figure 1.6 (Kadowaki et al, 2005)).

Figure 1.4: Diagram Showing the Activation of AMPK and PPAR by Binding of
Adiponectin to Its Receptors.

Adiponectin
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Abbreviations for figure 1.4: ADP, adenosine diphosphate; ATP, adenosine triphosphate; TZD,
Thiazolidinediones; AICAR, aminoimidazole carboxamide ribonucleotide; PGJ,, Prostaglandin
J2

Dupont et al, 2008 (PPAR Research)
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Figure 1.5: Diagram Showing the Methods of Repression by the Ligand Bound
PPAR and Activation by the PPAR-RXR Heterodimeric Complex.

ot res Ligancs

| Membrana

NFkB

STAT _ - [ P | PRAR
C/EBP | y F:l
AP P
v T RXR
E"ana o
_ <o)
PPHE
Repression Activation
COX-2, ET-1, MMP-9, Apo A-l, Apo A-ll, Apo A-V
MCP-1, VCAM-1, ITAM-1, FATP, FAT, CPT-1,
tissue factor, fibrinogen, THP LPL, FABPF, ABCA-1, SH-B1

Abbreviations for figure 1.5: ABCA-1, ATP-binding cassette A1; Apo, apolipoprotein; COX-2,
cyclooxygenase type 2; CPT-I, carnitine palmitoyltransferase I; CRP, C-reactive protein; ET-1,
endothelin 1; FABP, adipocyte fatty acid binding protein; FAT, fatty acid translocase; FATP,
fatty acid transport protein; IL-1, interleukin 1; LPL, lipoprotein lipase; MCP-1, monocyte
chemoattractant protein 1; MMP-9, matrix metalloproteinase 9; SR-B1, scavenger receptor

class B1; STAT, signal transducer and activator of transcription.

Gervois et al, 2007 (Nat Clin Pract Endocrinol Metab)
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Figure 1.6: A Depiction of the Role of Adiponectin in Activating AMPK and
PPARa
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Abbreviations for figure 1.6: PEPCK, Phosphoenolpyruvate carboxykinase; GLUT4, glucose
transporter 4; TG, Triglyceride.

Kadowaki et al, 2005 (Endocr Rev)
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1.1.4 Function

Adiponectin has a number of diverse roles within the body incorporating
modulation of a number of metabolic processes. Despite being released from
adipose tissue, adiponectin correlates inversely with body fat in humans (Cnop
et al, 2003) and animals (Freubis et al, 2001). It also exhibits important
metabolic regulatory functions such as glucose regulation and fatty acid

catabolism and has been suggested to have anti-inflammatory properties (24).

1.1.4.1  Adiponectin function in in vitro and animal studies

In 2001, Freubis et al. showed the apparent insulin sensitizing effects of
adiponectin. Mice were fed either a high fat test meal or were injected with
fat emulsion, which dramatically increased the amounts of free fatty acid
levels. By treatment with protease-generated globular adiponectin, the
elevated levels of free fatty acids were significantly lowered. This effect was
caused in part by the increase in fatty acid oxidation in the muscle. Kadowaki
and Yamauchi (Kadowaki et al, 2005) also verified the direct insulin-
sensitizing effect of adiponectin in vivo by using an insulin resistant
lipoatrophic diabetic mouse model that displayed both adiponectin and leptin®
deficiency. The test animals were then given a physiological dose of
recombinant adiponectin and insulin resistance was significantly reduced.
Moreover, Scherer’s group reported that an acute increase in circulating
adiponectin levels triggers a brief decrease in basal glucose levels by
inhibiting both the expression of hepatic gluconeogenic enzymes and the rate
of endogenous glucose production in wild type and type 2 diabetic mice (Berg
et al, 2001). These findings are consistent with the proposal that adiponectin
sensitises the body to insulin, and perhaps explains higher expression in the
lean: adiponectin expression in adipose tissue may control glycaemia and
fatty acid levels in normal physiological circumstances. Yamauchi et al then

showed that adiponectin increases AMPK and ACC phosphorylation

2 Leptin is synthesised and secreted by adipose tissue and acts on the brain and peripheral organs to regulate

appetite and energy balance within our body
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in muscle, by treating mice with recombinant adiponectin (Yamauchi et al,
2002).

Their findings showed that both globular and full length adiponectin increased
AMPK phosphorylation in vivo in a dose dependent manner, with a 2-fold peak
at 5 minutes, returning to baseline value after 60 minutes. To determine
whether the AMPK pathway was required for adiponectin effect in muscle
cells, Yamauchi and colleagues used a catalytically inactive AMPK to
demonstrate that activation of AMPK is necessary for adiponectin-induced
stimulation of ACC phosphorylation, fatty acid oxidation, glucose uptake and
lactate production in muscle cells. This experiment links adiponectin to
weight limitation.

1.1.4.2 Adiponectin and its role in inflammation

Adiponectin may act as a modulator for the endothelial inflammatory
response by targeting the NF-kB pathway. Members of this family of nuclear
factors are responsible for regulating over 150 target genes, including the
expression of inflammatory cytokines, chemokines, immunoreceptors, and cell
adhesion molecules. Because of this, NF-kB has often been called a central
mediator of the human immune response.

Adiponectin has been reported to act as both an agonist and an antagonist for
the NF-kB pathway. Adiponectin may promote (Tsao et al, 2002; Hug et al,
2004) or inhibit (Kadowaki et al, 2005; Ouchi et al, 2000) NF-kB signalling,
probably in a context specific manner. This may consequently lead to up
regulation or down regulation of the inflammatory response in target cells
depending on the context. Hexameric and larger forms of adiponectin (but not
the trimeric or globular species) are thought to activate the NF-kB pathway
(Tsao et al, 2002; Hug et al, 2004), in a manner dependent upon
phosphorylation and degradation of IkB-a. Although the significance of this
activity is unclear, the hexameric and HMW isoforms of adiponectin do inhibit
apoptosis of endothelial cells (Kobayashi et al, 2004) and NF-kB has well
described antiapoptotic activities (Wang et al, 1998). This suggests
oligomerisation may have an important role to play in the molecule’s
biological activity.
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On the other hand, adiponectin was shown to inhibit TNF-a-induced nuclear
factor-kB activation through the inhibition of IkB phosphorylation (Ouchi et al,
2000) (Figure 1.7 (Tilg et al, 2006)). Through this suppression adiponectin
strongly inhibits the expression of adhesion molecules including intracellular
adhesion molecule-1 (ICAM), vascular cellular adhesion molecule-1 (VCAM),
and E-selectin (Kadowaki et al, 2005). Suppression of nuclear factor-kB by
adiponectin might also be a major molecular mechanism for the inhibition of
monocyte adhesion to endothelial cells, thus preventing atherogenesis as an
anti-inflammatory factor.

Adiponectin is thought to dampen the early phases of macrophage
inflammatory responses, acting to inhibit the growth of myelomonocytic
progenitor cells (Yokota et al, 2000) and decrease the ability of mature
macrophages to respond to activation (Gervois et al, 2007). Adiponectin also
inhibits the expression of the scavenger receptor class A-1 of macrophages,
resulting in markedly decreased uptake of oxidized low-density lipoprotein
(LDL) by macrophages and inhibition of foam cell formation. This is vital in
fighting the onset of atherosclerosis. Normal LDL in plasma is not oxidized.
Oxidation of LDL is believed to contribute to the development of
atherosclerosis (Yokota et al, 2000), a condition where the walls of the
arteries are damaged and narrowed by deposits of plaque (cholesterol and
other fatty substances, calcium, fibrin, and cellular wastes), eventually
blocking off the flow of blood. Macrophage cells preferentially take up
oxidized LDL, become loaded with lipids, and convert into "foam cells”
(Aviram et al, 1996) (Figure 1.8 (Chang et al, 1994)). When large numbers of
foam cells accumulate in the artery they form a plaque. Stenosis (the
narrowing of the artery) occurs with the proliferation of foam cells. The lipid
laden plaques become unstable and eventually may rupture resulting in
Myocardial Infarction. In addition, in smooth muscle cells, adiponectin
attenuated DNA synthesis induced by growth factors (Arita et al, 2002). Some
important roles adiponectin plays in inflammation are summarised in figure
1.9 (Igbal O, 2007).

Okamoto et al used apoE deficient mice to demonstrate that an increase of
plasma adiponectin suppressed the progression of atherosclerotic lesions

(Okamoto et al, 2002). They injected a replication- defective adenovirus
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vector containing full length adiponectin or B galactosidase gene in the tail
vein of male apoE-/- mice. These mice develop vascular lesions similar to
human atherosclerosis (Plump et al, 1992). After 14 days atherosclerotic
lesion areas in the full length adiponectin treated mice were reduced by 30%
compared with the B galactosidase gene treated mice. They also reported a
decrease in the m-RNA levels of VCAM-1 and TNFa. These findings suggest that
plasma adiponectin may protect endothelial cells from hyper-cholesterolemia-

vascular injury, and reduce the uptake of LDL into foam cells.
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Figure 1.7: Illustrates Adiponectin’s Role in the Inhibition of the NF-kB
Pathway.

Note that adiponectin acts in the inhibition of the TNF-a induced NF-kB pathway (b).
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Abbreviations for figure 1.7: AdipoR1, Adiponectin receptor 1; AdipoR2,
Adiponectin receptor 2; TNFR1, Tumour necrosis factor receptor 1; AMPK,
amp-activated protein kinase; PPAR, peroxisome proliferator-activated
receptor; PPRE, Peroxisome Proliferator Response Element; kB, IkappaB

kinase; IFNy, Interferon y; IL-10, Interleukin 10; IL-1RA, Interleukin 1 receptor
antagonist.

Tilg et al, 2006 (Nat Rev Immunol)
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Figure 1.8: Diagram Showing Oxidation of LDL and Foam Cell Formation

Monocytes migrate from the vascular lumen to the intima where they
differentiate into macrophages. The scavenger receptors on the surface of

macrophages take up modified LDLs, forming macrophage foam cells.
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Abbreviations for figure 1.8: LDL, Low density Lipoprotein
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Figure 1.9: Summarising the Anti-Inflammatory Role of Adiponectin

Adiponectin acts in the inhibition of monocyte adhesion to endothelial cells
and prevents the oxidation of LDL, thus preventing atherogenesis as an anti-

inflammatory factor.
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Abbreviations for figure 1.9: LDL, Low density lipoprotein; SR-A, Scavenger
receptor A

Igbal O, 2007 (Personalized Medicine)




Chapter 1: Introduction 38

1.1.4.3 Associations of Adiponectin with other Risk Factors in Humans

Adiponectin is a very complex hormone and exhibits relationships with a
number of molecules, and performs a number of diverse roles within our
body. A few of these processes have been demonstrated by means of in vitro
and animal studies, but how does the molecule function in humans?

Since the discovery of the insulin-sensitising action of adiponectin in 2001
(Kadowaki et al, 2006), there has been great interest in the molecule.
Substantial research has been undertaken with the aim to develop a
recombinant form of the protein for therapeutic purposes. Clinical studies
have revealed negative associations with body mass index (BMI), waist to hip
ratio (WHR), Insulin, glucose, HOMA-IR, C-reactive protein (CRP) levels and
triglyceride levels while exhibiting positive associations with High density
lipoprotein (HDL)-Cholesterol and age (Table 1.1 (Sattar et al, 2008). Many
studies (Ouchi et al, 2007; Pischon et al, 2004; Rathman et al, 2000;
Wannamethee et al, 2007; Zhuo et al, 2009)) have found similar associations.
Hu et al first showed that adiponectin may be linked to human obesity (Hu et
al, 1996) by using northern blots to show that adiponectin expression was
reduced in adipose tissues of obese mice and humans (Lu et al, 2008). A
report of an adiponectin immunoassay stimulated activity in the human
clinical research field (Arita et al, 1999). Using this assay Arita et al
demonstrated that plasma adiponectin levels were higher in women than in
men (Lau et al, 2008) and in non-obese than obese subjects. These reports
have subsequently been confirmed by many other studies (Kadowaki et al,
2006; Whitehead et al, 2005; Hulstrom et al, 2008). Despite adiponectin being
secreted by adipocytes, circulating levels decrease with obesity. Research
originally proposed that mechanisms associated with insulin resistance, such
as inflammation, inhibited the expression of adiponectin in the adipose tissue
(Lu et al, 2008). Cytokines released in inflammation, which are known to rise
in obesity, may play a role in the suppression of adiponectin. Recent studies
in human subjects involving the treatment with PPARy agonists revealed that
the plasma adiponectin levels increase 2-fold despite significant body weight
gain (Lu et al, 2008). This means that adiponectin levels are increasing

independently of weight and rather due to improvement in adipose-specific
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insulin sensitivity. Therefore it is now thought adiponectin gene expression
may increase irrespective of changes in adiposity but rather due to adipose
tissue specific insulin sensitivity (Lu et al, 2008).In line with this Vozarova et
al showed that hypo-adiponectinemia is not the cause of obesity but rather a
result of obesity induced insulin resistance in the adipose tissue (Vozarova et
al, 2002). In this study low plasma adiponectin concentrations did not predict
future weight gain in humans. This result was also seen in animal models
(Pelleymounter et al, 1995). Therefore it may be leptin, rather than
adiponectin, that is the hormone primarily responsible for weight regulation.

Paradoxically to adiponectin, serum levels of leptin increase with weight gain.

Considering the metabolic effects of adiponectin, it is fair to propose that the
lower levels of adiponectin seen in obese subjects is a direct result of the
obesity and adipose tissue specific insulin resistance and that these lower
levels of adiponectin mediate the state of insulin resistance and metabolic
outcomes in other peripheral tissues. Consistent with the known associations
of adiponectin with obesity and diabetes, multiple observations now support
the molecule as a potent antidiabetic hormone. In a humber of prospective
diverse population studies, adiponectin consistently predicts lower risk for
Type 2 Diabetes (Kadowaki et al, 2005; Sattar et al, 2008; Sattar et al, 2008)
and as predicted lower adiponectin levels were also reported in many insulin
resistance-related clinical conditions such as polycystic ovary syndrome, non-
alcoholic fatty liver disease, lipodystrophy and human immunodeficiency virus
(HIV) patients (Lu et al, 2008).

Collectively these observations would suggest that adiponectin is
predominantly beneficial, leading us to the assumption it may also display
protective effects in vascular tissue. In 2004 Pischon et al reported an
outcome in apparent protection against myocardial infarction (MI) (Pischon et
al, 2004). The initial excitement of these findings later dissipated as
increasing numbers of published journal articles appeared to quash the idea,
and the latest literature now shows higher levels of circulating adiponectin
actually correlate positively to coronary heart disease (CHD) and all cause
mortality, rather than to apparent protection against CHD (Laughlin et al,

2007). Some ideas as to the reason for this will be discussed in more detail
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later on. The relationship between adiponectin and blood pressure seemed to
be more difficult to demonstrate in human studies, probably due to the
interference from other metabolic confounding factors related to insulin
resistance. But results lean towards there being a higher reported blood
pressure with lower plasma adiponectin levels (Lu et al, 2008).

Although a large number of studies have researched the complex mechanisms
of this molecule and its associations with other risk markers, larger studies

with increased sample numbers are needed to elucidate these potential links.



Chapter 1: Introduction

Table 1.1: Correlation of High Molecular Weight Adiponectin and Total

Adiponectin with Measures of Adiposity, Insulin, Glucose and Lipid Levels in

British Women Aged 60-79 years.

N =500

Spearman’s Rank p Spearman’s p

correlation Rank correlation
coefficient with coefficient with
HMW adiponectin total
adiponectin

HMW or total 0.75 < 0.001 0.75 < 0.001
adiponectin
Age 0.08 0.07 0.13 0.004
BMI -0.12 0.008 -0.20 < 0.001
Waist-hip -0.26 < 0.001 -0.32 < 0.001
ratio
Insulin -0.35 < 0.001 -0.41 < 0.001
Glucose -0.11 0.01 -0.20 < 0.001
HOMA-IR -0.30 < 0.001 -0.38 < 0.001
CRP -0.17 0.002 -0.20 < 0.001
Total chol. 0.00 0.97 -0.02 0.51
LDL-C 0.01 0.84 -0.01 0.63
HDL-C 0.37 < 0.001 0.44 < 0.001
Triglycerides -0.34 < 0.001 -0.42 < 0.001
SBP -0.06 0.20 -0.05 0.36
DBP 0.05 0.31 0.01 0.62

Abbreviations for table 1.1: BMI, body mass index; CRP, C-reactive protein;

HOMA-IR, Homeostasis model assessment insulin resistance; LDL-C, low

density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol;

SBP, systolic blood pressure; DBP, diastolic blood pressure

Sattar et al, 2008 (J Clin Endocrinol Metab)
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1.2 The Associations of Adiponectin with Incident

Diabetes Mellitus, Vascular Disease and Mortality

The prevalence of obesity has increased dramatically in recent years, and it is
commonly associated with Type 2 Diabetes Mellitus, coronary artery disease
(CAD) and Hypertension, collectively known as the metabolic syndrome
(Kadowaki et al, 2006). Adipose tissue has been targeted as the prime focus
for biomedical research associated with obesity and obesity related diseases
(Vozarova et al, 2002). It is now considered to be a genuine endocrine tissue
which has the primary role of secretion of molecules into the blood; TNFa,
Inter-Leukin 6 (IL-6), leptin, adiponectin, resistin, visfatin and omentin among
others, which influence the physiology of organs or tissues at a distant site.
Understanding the biology of adipose tissue and the rapidly growing list of
adipokines secreted from it provides new insights into normal physiological
regulation, as well as the pathogenesis and treatment of obesity, diabetes and
disorders of lipid metabolism and the cardiovascular system (Ahima et al,
2008).

1.2.1 Associations with Diabetes Mellitus

Type 2 diabetes is very common in obese individuals. It is a disorder whereby
the body still produces insulin but does not produce enough insulin or does not
utilise the insulin that is produced correctly (insulin resistance (IR)), or a
combination of these. The prevalence of the disease worldwide is reaching
epidemic proportions (Smith et al, 2003) and is said to be fuelled by the
adoption of a more “westernised” lifestyle incorporating high fat foods and
including little exercise. IR is a key feature of the metabolic syndrome and
the diseases associated with it. It is now generally accepted to be the primary
metabolic defect of Type 2 Diabetes Mellitus (Smith et al, 2003). IR is defined
as a state that requires more insulin to obtain the biological effects achieved
by a lower amount of insulin in the normal state (Kadowaki et al, 2006).

In contrast to other adipokines, circulating levels of adiponectin correlate
inversely with body fat and IR in humans (Whitehead et al, 2006) and rodent
models (Kadowaki et al, 2006). Adiponectin is known to increase fatty acid

oxidation in the blood, thus improving insulin sensitivity in tissues and
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therefore a reduced circulating adiponectin level in the blood may result in
insulin resistance. It has been reported that blood concentrations of
adiponectin fall from 20-50% in humans and mice respectively with the
administration of insulin, thus implying that the effect of insulin to lower
adiponectin levels may involve inhibition of adipocyte secretion. Plasma
adiponectin levels have also been shown to be decreased in an obese rhesus
monkey model that frequently develops Type 2 Diabetes (Kadowaki et al,
2006). Many prospective studies (Yatagai et al, 2003; Daimon et al, 2003;
Spranger et al, 2003; Jalovaara et al, 2008) have shown that lower
adiponectin levels are associated with a higher incidence of diabetes in
humans and more importantly the decrease in plasma adiponectin levels was
in parallel with the decrease in insulin sensitivity (Kadowaki et al, 2006). This
finding is further supported by a recent meta analysis of 13 prospective
studies, which found that higher adiponectin levels were monotonically
associated with a lower risk of Type 2 Diabetes across diverse populations (Li
et al, 2009) (Figure 1.10 (Li et al, 2009)).

Studies (Yu et al, 2002; Miyazaki et al, 2004) have shown that in type 2
diabetic patients, treatment with medications incorporating thiazolidinedione
(TZD) enhances insulin action on peripheral glucose disposal (Miyazaki et al,
2004), reduces hepatic fat content (Yatagai et al, 2003) and decreases
endogenous glucose production (Yu et al, 2002). Such medications are also
known as glitazones, and are regarded as insulin sensitizing agents. These
medications are used in patients with diabetes mellitus where lifestyle
measures have proved insufficient (Krentz et al, 2006). Plasma adiponectin
increases substantially in response to glitazone treatment in healthy, obese
and Type 2 diabetic subjects (Yu et al, 2002; Hulstrom et al, 2008; Miyazaki et
al, 2004). The insulin sensitizing effects resulting from treatment with
glitazones are thought to be regulated through PPAR-y (Yu et al, 2002) (Figure
1.11 (Kumar CKA, 2008)). Glitazone treatment results in decreased insulin
resistance, modified adipocyte differentiation, decrease in leptin levels, a fall
in certain interleukin levels, and a rise in adiponectin levels (Wang et al,
2003; Otto et al, 2006). Although it is reasonable to assume that the insulin-
sensitising and antidiabetic effect of TZD is mediated in part by up regulation
of adiponectin levels, in fact very few studies (Yu et al, 2002; Miyazaki et al,
2004; Pajvani et al, 2004; Phillips et al, 2003; Boden et al, 2003) to date have
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reported an association between increases in adiponectin levels and
improvements in peripheral and hepatic insulin sensitivity in response to
treatment with TZD medications. In one of the above mentioned studies,
Pajvani et al postulates that it may be down to the complex distribution of
the adiponectin molecule rather than its absolute amount that correlates to
TZD-mediated improvement in insulin sensitivity (Pajvani et al, 2004). They
report that diabetic patients have a lower HMW/total adiponectin ratio
compared with healthy lean individuals and suggest that the new HMW/total
ratio index they describe as S, would be more useful in cases where
differences in insulin sensitivity cannot be explained by differences in
absolute adiponectin serum levels alone. Also, of mention is the fact that
adiponectin levels increase in normal lean, obese and type 2 diabetic subjects
(Yu et al, 2002; Hulstrom et al, 2008; Miyazaki et al, 2004) and this indicates
that adiponectin is unlikely to be the only cause of TZD-induced insulin
sensitivity (Yu et al, 2002). TZD has emerged as a strong therapeutic tool for
diabetes care, but more studies are needed to investigate the dose response
effect on adiponectin levels (Yu et al, 2002) and the interactions of glitazones
with other PPAR-y target genes (Hulstrom et al, 2008). The rise in the amount
of new cases of diabetes each year makes this an important and essential
topic of research, which will help to benefit many and add quality to so many

lives affected by this disease.
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Figure 1.10: Relative Risks Per 1 Log [mu]g/mL of Adiponectin Level and Type
2 Diabetes Across Studies

Fourteen data points are included for the 13 studies because results for men
and women are shown separately in the Hoorn study (Snijder et al). Size of

squares corresponds to the weight of each study in the meta-analysis.

Relative Risk

Source (35% CI)
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Spranger et al,'? 2003 0.65(0.52-0.82) —
Chol et al,'8 2004 0.73 {0.61-0.88) T
Duncan et al,'9 2004 0.82 (0.70-0.95) T
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Abbreviations for figure 1.10: ClI, Confidence interval

Li et al, 2009 (JAMA)
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Figure 1.11: Effects of Thiazolidinedione Medications
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1.2.2 Associations with Cardiovascular Disease Eve nts

There is considerable interest in the vascular actions of adiponectin due to its
insulin-sensitising (Sattar et al, 2006), anti-inflammatory (Kadowaki et al,
2005) and anti-atherogenic (von Eynatten et al, 2008) properties. Whilst there
is consistent evidence that high levels of adiponectin are associated with
lower risk for diabetes, it remains unclear whether high adiponectin is
associated with lower risk for CHD events (Sattar et al, 2008). The general
assumption was that a reduced adiponectin concentration may underlie the
heightened vascular risk associated with obesity and the metabolic syndrome
but this association is proving to be more complex that previously thought. In
animal models, exogenous adiponectin administration protects against
development of atherosclerosis in apolipoprotein E-deficient mice (Yamauchi
et al, 2003). In humans, however the evidence has been somewhat
conflicting. The Health Professionals Follow Up Study (HPFUS) (Pischon et al,
2004) was the first study to publish results of the relationship between CHD
and adiponectin levels and it noted high adiponectin to be independently
associated with incidence for myocardial events. They reported that a
doubling of baseline adiponectin levels was associated with a statistically
significant 20% reduction in MI after adjustments for confounders, which
consequently led to the suggestion that adiponectin might be the major
mechanistic link between diabetes and increased CHD risk. Since then
however, there have been inconsistencies in the data published on this
relationship. Some studies (Koenig et al, 2006; Costacou et al, 2005) support
the understanding that adiponectin is emerging as an important mediator of
future risk for primary CHD while some more recent studies have not been
consistent with this analysis (Sattar et al, 2008; Sattar et al, 2006; Lawlor et
al, 2005; Lindsay et al, 2005; Kizer et al, 2008). A recent meta-analysis of 7
prospective studies encompassing 1313 CHD cases demonstrated significantly
little, if any, association of a single measurement of adiponectin with a
combined end point of nonfatal Ml and CHD death (Sattar et al, 2008) (Figure
1.12 (Sattar et al, 2008)). So far it has not been elucidated whether
adiponectin is a useful prognostic predictor in patients in advanced stages of
CHD, thus suggesting that the use of adiponectin for cardiovascular risk is

much more complex than previously thought. Lindsay et al suggest that the
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relationship of adiponectin to later vascular disease may be less apparent in
the presence of Type 2 Diabetes or obesity (Lindsay et al, 2005), and he notes
that studies supporting the notion that decreased adiponectin predicts
increased risk of CVD, did not include as many participants with diabetes or

obesity as his study did. This hypothesis merits further investigation.
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Figure 1.12: Prospective Studies of Circulating Concentrations of Adiponectin

and CHD Risk
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Abbreviations for figure 1.12: BWWHS, British Womens Heart and Health
Study; BRHS, British Regional Heart Study; HPFUS, Health Professionals Follow
up Study, STRONG, Strength Training Ongoing Study; PEDCS, Pittsburgh

Epidemiology of Diabetes Complication Study.

Sattar et al, 2006 (Circulation)
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1.2.2.1 HMW Adiponectin and its associations with incident vascular events

Due to the apparent inconsistencies in the data reported from various studies,
the separate functioning of the independent parts of the molecule and their
biological activity were focused on in more detail. The HMW form of
adiponectin is thought to be the key biologically active form of the molecule
because it has been shown to be better associated with insulin sensitivity than
total adiponectin, has been more strongly linked to a lower risk of incident
diabetes, and it has been linked more strongly to protection against
endothelial cell apoptosis (Sattar et al, 2008). Commercial ELISA kits for the
measurement of the HMW fraction became available and this spurred greater
interest in this form of the molecule. A nested case control from the British
Women’s Heart and Health Study (BWHHS) found no significant link between
HMW adiponectin and the risk of incident vascular events, and suggested
rather that the molecule was more aligned for the determination of risk with
the incidence of diabetes. Von Eynatten et al confirmed this by suggesting
from their study that although high total and HMW adiponectin levels were
associated with a more favourable CHD risk profile, they were not
significantly associated with future secondary CVD events (von Eynatten,
2008).These observations suggest that the use of either total or HM\W
adiponectin may add no prognostic value to that gained by established
cardiovascular risk factors for the occurrence of secondary CVD events (von
Eynatten, 2008).

1.2.3 Associations with Coronary Heart Failure (CHF)

Studies in people with prevalent heart failure or acute coronary syndrome
(ACS) show that high plasma levels of adiponectin are associated with greater
disease severity (McEntegart et al, 2007) (Nakamura et al, 2006) and with
higher risk of adverse outcome (Tsutamoto et al, 2007) (Kistorp et al, 2005).
B-type natriuretic peptide (BNP) and its inactive N-terminal metabolite NT-
proBNP (released in a 1:1 ratio during processing) are sensitive markers of
cardiac overload and are markers of prognosis in those with CHF (Clerico et
al, 2004). Several studies have shown positive correlations of circulating

baseline NT-proBNP and BNP with adiponectin in those with prevalent CHF and
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coronary artery disease (Cavusoglu et al, 2006) (George et al, 2006)(Kistorp et
al, 2005) (McEntegart et al, 2007) (Nakamura et al, 2006) (Tsutamoto et al,
2007) (von Eynatten et al, 2006). Indeed, in the recent Atherogene Study,
baseline adiponectin predicted risk of poor outcome in CHF independent of
conventional risk factors, but not independent of BNP (Schnabel et al, 2008).
A recent study (Ang et al, 2009) also shows a positive correlation between
baseline circulating BNP and adiponectin. In this study increases in plasma
adiponectin from baseline, after ACS, to 7 week follow up (rather than
absolute levels at each time point), were related to risk of adverse outcome.
Although the patterns of risk associations of BNP and adiponectin are
different, the data from this study showed that following index admission for
ACS, BNP and adiponectin associated with each other at baseline, at 7 week
follow up, and that change in both markers also correlated (r=0.39, p<0.001).
The results give insight into the pathophysiology behind increased risk of ACS
recurrence, CHF, or death following an index ACS event. The results are
suggestive of an interesting and potentially important pathophysiological
pathway which links an increase in adiponectin to adverse prognosis in a

manner not independent of BNP.

1.2.4 Associations with CVD Mortality and All Cause Morta  lity

In some studies, high levels of adiponectin have been shown to predict
mortality in patients with chronic heart failure (Kistorp et al, 2005; George et
al, 2006) and in patients presenting with coronary artery disease (CAD)
(Cavusoglu et al, 2006).

The British Regional Heart Study (BRHS), one of the largest studies of its kind,
investigated the relationship between adiponectin levels and all cause
mortality in elderly men (60-79yrs) with and without CVD (including CHD or
stroke). The main aim of this study was to determine whether adiponectin
levels were associated with increased CVD mortality in only those with
existing vascular disease or heart failure or whether this extended to all
individuals in a population. The study findings were consistent with that of
previous studies (Kistorp et al, 2005; George et al, 2006); high adiponectin
levels are associated with increased mortality in heart failure subjects, but it

also extended its findings to show that there is a link between high
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adiponectin levels and mortality in the general population of men without
diagnosed CVD or heart failure. This increased mortality was seen for
cardiovascular and non-cardiovascular causes (Wannamethee et al, 2007).

The Rancho-Bernado Study (Laughlin et al, 2007) examined the association of
adiponectin with CHD prevalence, incidence, and mortality among 1,513 men
and women aged 50-91 years who were followed from 1984-1987 through to
2004. The study also examined the associations of adiponectin with CVD and
all cause mortality. Sex differences were evaluated. Adiponectin
concentrations were not significantly related to CHD mortality (including after
adjustments for age, sex, waist girth, HDL, triglycerides and glucose) and
there was no evidence of a trend across adiponectin quintiles. The nature of
the adiponectin link to the pathogenesis of CHD and its long term effects is
not yet clear.

The study also found that with adiponectin levels in the highest sex-specific
quintile, there was a 40% increased risk of CVD death and all cause mortality
and this result was independent of age, sex, lipid levels, waist circumference
and glucose levels. Therefore although high adiponectin levels have been
linked to a more favourable cardiovascular disease risk profile, there seems to
be inconsistencies in the fact that high levels seem to be correlated to

increased CVD and all cause mortality.

1.2.5 Adiponectin vs. Type 2 Diabetes Mellitus and  CVD
mortality: Explaining the paradox

A recent editorial (Sattar et al, 2008) explores suggestions as to why an
increase in adiponectin levels may be linked to increased CVD mortality. With
respect to this, a number of suggestions have been explored which include
renal dysfunction and thereby impaired adiponectin clearance, peripheral
adiponectin resistance and unintentional weight loss in the elderly. However,
Kizer et al have now considered and partially dismissed renal dysfunction as a
potential confounder, and although the study relied on self-reported weight
loss they also included change in this parameter in their analyses and found
the association was independent of weight loss (Kizer et al, 2008). Evidence

for the idea that peripheral adiponectin resistance may explain higher levels
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in groups at elevated risk, is scarce and this may be an avenue worth
exploring.

Sattar and Nelson suggest the possibility that it may be due to reverse
causality (Sattar et al, 2008), whereby silent or clinically apparent vascular
disease leads to compensatory rises in adiponectin. As mentioned in section
1.1 of this overview, adiponectin synthesis has been proposed to be
stimulated in response to vascular inflammation, however systemic markers of
inflammation appear to not explain the link between adiponectin and
mortality (Kizer et al, 2008). Another suggestion offered by Sattar and Nelson
is that a rise in B-Type/Brain Natriuretic Peptide (BNP) levels may link
existing vascular disease to higher adiponectin levels because circulating
levels of these two parameters show positive correlations in patients with and
without chronic heart failure (McEntegart et al, 2007) (Ang et al, 2009). The
mechanism is as yet unknown but it has been suggested that high levels of
adiponectin in those with acute coronary syndrome (ACS) or heart failure may
be a reflection of a salvage mechanism to improve insulin resistance and fatty
acid metabolism thereby counteracting vascular stress (McEntegart et al,
2007). Finally we cannot yet rule out the possibility that higher adiponectin
levels may actually be harmful to the vasculature and we should bear in mind
that measures taken to improve diabetes control or protect against its
pathogenicity do not necessarily lessen CVD risk. In order to drive this field
forward, future studies are required to better understand the relevance of

adiponectin to potential interventions.

1.3 Ethnic Variation

There is evidence of ethnic variation in adiponectin concentrations
(Retnakaran et al, 2004). People of South Asian descent (defined as Indian,
Pakistani, Sri-Lankan or those having descent from Bangladesh) have an
increased risk of Type 2 Diabetes Mellitus compared with any other ethnic
groups studied (Retnakaran et al, 2004; Valsamakis et al, 2003; McKeigue et
al, 1991). Conventional risk factors associated with the metabolic syndrome
(hypertension, dyslipidaemia and smoking) do not fully reconcile the elevated
risk this ethnic group faces. Retnakaran et al proposed that there may be

additional factors contributing to the increased risk. One candidate molecule
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for study is adiponectin, due to its associations with Type 2 Diabetes and CAD.
Retnakaran et al reported metabolic characteristics of three main ethnic
groups; Caucasian, Asian and South Asian.

180 women who were in their late second or early third trimester of
pregnancy were included in the study. Adjusted median adiponectin levels
were highest in the Caucasian population, followed closely by the Asians and
the lowest levels were recorded in the South Asian population (figure 1.13
(Retnakaran et al, 2004)). Moreover, bearing in mind the inverse relationship
between adiponectin and BMI, the observed hypoadiponectinaemia observed
in South Asians is particularly striking, since the Caucasian population
exhibited a higher mean pregnancy BMI in this study. Similar results were
reported by Valsamakis et al in 2003, in a totally different study group. The
paper described a reduced adiponectin concentration in 15 middle-aged South
Asian males compared with BMI-matched Caucasians. These findings raise the
possibility that hypoadiponectinaemia may be a main factor contributing to
the increased prevalence of diabetes in South Asians (Retnakaran et al, 2004),
and further strengthen the notion of ethically determined differences in
adiponectin concentration. Hypoadiponectinaemia is consistent with
metabolic features associated within this ethnic group. Central obesity is a
common feature in South Asians (McKeigue et al, 1991), and a recent study
(Cnop et al, 2003) has shown through body fat distribution analysis, that
adiponectin correlates with intra-abdominal fat rather than subcutaneous fat.
Also, South Asians exhibit lower levels of HDL-cholesterol than Caucasians
(Bhopal et al, 2002) and as mentioned above there is an independent positive
association between adiponectin levels and HDL-cholesterol. CRP levels have
also been noted to be higher in South Asians (Forouhi et al, 2001) and
accordingly since adiponectin is inversely correlated to CRP levels,
hypoadiponectinaemia could potentially explain the apparent central role of
visceral adipose tissue in the relationship between low-grade inflammation
and features of the metabolic syndrome in South Asians (Retnakaran et al,
2004). Retnakaran et al showed that the expected inverse relationship
between adiponectin and fasting insulin was observed in Caucasians and
Asians, but not in the South Asian population studied. A plausible explanation
for this is that ethnically determined hypoadiponectinaemia may obscure the

relationship between adiponectin and insulin resistance (Retnakaran et al,
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2004). Another study (Ferris et al, 2005), which reported reduced adiponectin
levels in black South Africans and Asian Indians compared with BMI-matched
Caucasians, confirmed these same findings (table 1.2). Within each ethnic
group, adiponectin only correlated inversely with HOMA in Caucasian subjects,
however when all ethnic groups were combined, multiple regression analysis
demonstrated that serum adiponectin levels corrected for BMI and ethnicity
did not correlate with HOMA. Therefore the indication from this particular
study is that ethnic variation in insulin sensitivity is not dependent on serum
levels of adiponectin and that the relationship between adiponectin and

insulin resistance varies across ethnic groups (Ferris et al, 2005).

Figure 1.13: Adjusted Mean Adiponectin in Pregnant Women by Ethnic Group.

Adjusted for age, fasting insulin, glucose intolerance, pre-pregnancy body
mass index, weight gain during pregnancy, previous history of gestational

diabetes mellitus, and family history of diabetes mellitus
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Retnakaran et al, 2004 ( Diabetic Medicine)
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Table 1.2 Demographic and biochemical data for Ferris’s Study

Data is expressed as means = SD; *p < 0.01 versus Asian subjects, T p <0.01
versus white subjects.

56

Variables Asian Black White
Age (years) 41.5 +10.8 36.2 +11.3 37.9+9.0
BMI (kg/m2) 27.3 5.0 27.6 £5.3 26.2 + 4.6
Waist-to-hip ratio 0.86 +0.09 0.78 + 0.07* 0.82 + 0.10*
Triglyceride (mM) 1.77 £1.15 0.92 + 0.75*F 1.34 + 0.88
HDL (mM) 1.29 + 0.29 1.36 + 0.32 1.41 £ 0.33
LDL (mM) 3.28 + 1.06 2.39 + 0.65*T 3.29 + 1.05
Cholesterol (mM) 5.33+1.24 4.10 £ 0.76*t 5.30 + 1.01
Adiponectin 5.86 + 2.50t 5.71 + 2.50t 8.11 +4.39
(bg/ml)

HOMA 3.41 + 2.85% 2.62 + 0.997 1.76 + 0.63

Abbreviations for table1.2: BMI, Body Mass Index; HDL, High Density
Lipoproten; LDL, Low Density Lipoprotein; HOMA, Homeostasis Model

Assessment

Ferris et al, 2005 (Horm. Metab. Res.)
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1.4 Aims and Objectives of Studies Reported in This

Thesis

The aim of the work documented in this thesis was to review literature on,
and explore the complex functioning of the adiponectin molecule in human
health and disease. There were two specific aims: i) | considered the
methodologies behind the collection, processing, measurement and analysis of
total and HMW adiponectin to assure that future research into this molecule
within our laboratory and elsewhere was robust, and ii) | examined
adiponectin’s relationship to CVD both in terms of prediction and subsequent

outcome following an event.

The role of adiponectin in human health and disease is more complex than
originally thought and it may be that the molecule exhibits separate
functioning in times of stress within the body and with normal human health.

The thesis aims to add insight to this hypothesis.

Chapters three and four focus on Methodological considerations. Many factors
other than disease influence the results of tests within a laboratory. These
factors may be pre-analytical, analytical or post-analytical (or a combination
of these). Whenever possible, these variables should be controlled in order to
minimize their effect on test outcome. Pre-analytical variables are variables
associated with the patient, sample collection and sample handling. These
generally affect the composition of the body fluid before analysis.

Analytical variables are factors which influence the analytical procedure and
post-analytical variables involve the different ways data from the laboratory
is presented, stored and transferred to the clinician. This thesis focuses on

pre- analytical and analytical variables only.

Chapters five and six report findings from two studies published on work
carried out within our laboratory or in collaboration with other local research
facilities, where | had a role in assessment and drafting of relevant articles.
These chapters focus on the role adiponectin plays in disease. They aim to
add insight into the complex functioning of the adiponectin molecule with

specific focus in chapter 6 on ways it may express its role through interactions
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with other molecules that correlate to its levels at different stages in the

pathogenesis of heart disease.

Aims of Chapter 3.2 — Effect of Freeze/Thaw Cycles

The aim of this study was to investigate the effect of repeated freeze/thaw
on the amount of measurable concentrations of adiponectin in a blood
sample. This study is important to ensure that samples are not compromised

with continual freeze/thaw.

1.4.2 Aims of Chapter 3.3 — Blood Processing

The aim of this study was to determine if leaving bloods un-separated (a) in a
fridge/cold room at 7°C and (b) on a bench at room temperature (23°C -
25°C) for up to 6 days after venipuncture would have an effect on measurable
concentrations of total adiponectin in EDTA blood samples. This is an
important variable to assess because, at times, it is not possible to get bloods

from the venue of venipuncture to the laboratory for analysis right away.

1.4.3 Aims of Chapter 3.4 — Biological Variability

The aim of this study was to investigate biological variation of total
adiponectin and therefore assess whether total adiponectin levels vary
significantly in an individual (human) over the period of 6 weeks.

This information will help where a study may dictate a patient/volunteer to
give a sample for weekly analysis. It will help to eliminate any variables
associated with natural biological change in adiponectin concentrations over

time.

1.4.4 Aims of Chapter 4.2 — Measurement of Citrate ~ Samples on
a Total Adiponectin ELISA

The aim of this study was to validate samples that have been preserved with
citrate anticoagulant for use in a total adiponectin R&D systems ELISA assay

(general methods chapter 2.4.1.1).
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1.4.5 Aims of Chapter 4.3 — Comparison of Commerci  al
Adiponectin ELISA Assays

The aim of the study was to measure total adiponectin using the ALPCO
diagnostics ELISA method, the Mercodia adiponectin ELISA method and the
R&D Systems ELISA method on the same set of samples. | wanted to determine

whether the results obtained were comparable between methods.

1.4.6 Aims of Chapter 5 - High Molecular Weight Ad  iponectin
and Incident Coronary Heart Disease: Findings from a
Prospective Case Control Study Nested within the Br  itish
Women’s Heart and Health Study (BWHHS)

This study was designed to test whether HMW adiponectin (rather than the
previously reported total adiponectin from the original BWHHS (Lawlor et al,
2005)) was better associated with risk for incident vascular events in older
women. There has been some speculation that the HMW fraction of
adiponectin was the more biologically active part of the molecule. This study

adds insight to this hypothesis.

1.4.7 Aims of Chapter 6 - Serial Changes in Adipone  ctin and
BNP in ACS Patients: Paradoxical Associations with Each Other

and with Prognosis.

The aim of this study was to further investigate the potential pathological link
between BNP and adiponectin. By examining the inter-relationship of
circulating adiponectin and BNP both at baseline and at a 7 week follow up,
the aim was to determine whether change in either parameter was a better
predictor of adverse events than a single measurement. Also, changes in
concentrations of adiponectin over time were investigated to see if they

correlated with changes in BNP over time.
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Methods

2.1 Review of the Literature

PubMed (http://www.ncbi.nlm.nih.gov/pubmed/) was used for the purpose of
literature searches in this thesis. It is a service of the U.S. National Library of
Medicine that includes over 19 million citations from MEDLINE and other life science
journals for biomedical articles back to 1948. PubMed includes links to full text

articles and other related resources (Pubmed online).

Key word searches were used including: Adiponectin, Adiponectin in: Cardiovascular
disease, Diabetes, Insulin sensitivity, Health and disease, Heart Failure, Ischemic

Heart disease, Males, Females, Children.

Results were restricted to English language, and for epidemiological studies data

were restricted to human subjects as well.

The University of Glasgow library and the departmental book shelf (including books

on related topics and past theses) were used to research books on this topic.

2.2 Subject Recruitment and Sample storage

2.2.1 Subject Recruitment

Each study in this thesis comprises a different sample set and for this reason
the recruitment of healthy volunteers and patients, venipuncture procedures
and sample handling and processing are described in detail in each relevant

chapter.

2.2.2 Sample Storage

Accuracy of results is a reflection on the care taken in sample storage.

All samples used in the studies presented in this thesis are of a high quality

and the history of the samples is well documented. All samples handled in our
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own laboratory (Chapters 3+4) are frozen immediately after processing at -
80° C and removed and snap thawed (37°C) immediately before assay.
Samples handled in multi-centre laboratories (Chapters 5+6) are done so in a
standardised manner by professionally trained researchers according to good
laboratory practice (GLP)
(http://www.mhra.gov.uk/Howweregulate/Medicines/Inspectionandstandards

/GoodLaboratoryPractice/index.htm).

2.3 Materials

Names and addresses of manufacturers and suppliers of kits and reagents,
hardware and software used for the studies in this thesis are given in the

appendix 1. All kit inserts are available in appendix 3.

2.4 Laboratory Methods

2.4.1 Measurement of Total Adiponectin

24.1.1 R&D Systems ELISA Method

Total Adiponectin concentrations were measured using the R & D Systems
Quantikine Human Adiponectin/Acrp30 Immunoassay (Catalog Nos DRP300).
See the R&D systems kit insert in appendix 3 for assay instructions. Specific
equipment and quality controls used by our laboratory during the analysis on
this kit are listed below, as well as methods for the calculation of

absorbencies.

SAMPLE
EDTA Plasma was used in this thesis for analysis involving this kit, except

where specified, in chapter 4.2 for the validation of citrate plasma and in

chapter 4.3, where serum was used for analysis.
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EQUIPMENT

» Thermo Lab systems Multiskan Ascent Microplate reader capable of
measuring absorbance at 450nm with correction wavelength set at
540nm or 570nm

Ascent software package

Gilson pipettes and pipette tips

Thermo-systems Finnpipette (50ul-300ul) multi-channel pipette
500ml graduated cylinder

Squeeze bottle

Electronic timer clock

YV V.V V V V V

Plastic plate sealers supplied with the kit

QUALITY CONTROL
An internal laboratory quality control (EDTA plasma) was used to make sure

the assay was running effectively.

CALCULATION
All calculations were done using the Multiskan Ascent Software Package.

Analysis was repeated when results fell out-with the assay range.

2.4.1.2 Mercodia Adiponectin ELISA Method

Total adiponectin concentrations in chapter 4.3 were also measured using the
Mercodia Adiponectin ELISA assay 10-1193-01. See the Mercodia kit insert in
appendix 3 for assay instructions. Specific equipment and quality controls
used by our laboratory during the analysis on this kit are listed below, as well

as methods for the calculation of absorbencies.

SAMPLE
Serum samples were used for all analysis in this thesis with this kit.

EQUIPMENT

» Fisherbrand Whirlimixer

» Thermo Denley minimix plate shaker

62
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» Thermo Lab systems Multiskan Ascent microplate reader capable of
measuring absorbance at 450nm

Ascent software package

Gilson pipettes

Thermo-systems Finnpipette (50ul-300ul) multi-channel pipette
1000mL graduated cylinder

Squeeze bottle

Electronic timer clock

Gilson repeater pipette and tips

YV V. V V V V V VY

Plastic plate sealers supplied with the kit

QUALITY CONTROL
Mercodia Obesity Control A, B, C/Human is designed to be used as a three-

level control for Mercodia adiponectin ELISA. It is manufactured from Human
serum. Each Mercodia Obesity Control kit contains 3 vials of lyophilised
serum, each containing 0.5 mL after reconstitution.
Ranges: A=55-8.5ug/mL

B=6-11ug/mL

C=11-19ug/mL
Internal quality controls with low, intermediate and high adiponectin
concentrations should be routinely assayed as unknowns, and results charted
from day to day.
An internal laboratory quality control (EDTA plasma) was also used on each

assay.

CALCULATION
All calculations were done using the Multiskan Ascent Software Package.

Analysis was repeated when results fell out-with the assay range.

2.4.2 Measurement of High Molecular Weight Adipone  ctin

High Molecular Weight adiponectin (and total adiponectin - studies 3.2 and
4.3) concentrations were measured using the American Laboratory Products
Company (ALPCO) Diagnostics: Adiponectin (Multimeric) EIA (Catalog Number
47-ADPH-9755). See the ALPCO Diagnostics kit insert in appendix 3 for assay

instructions. Specific equipment and quality controls used by our laboratory
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during the analysis on this kit are listed below, as well as methods for the

calculation of absorbencies.

SAMPLE
Serum samples were used for analysis in chapters 3.2 and 4.3.

EDTA Plasma was used in chapter 5.

EQUIPMENT

> Heating block (temp = 37°C)
» Fisherbrand whirlimixer
» Versamax microplate reader capable of measuring absorbance at

492nm with correction wavelength set at 600-700nm

A\

Softmax Pro computer software package for calculations

Y

roller mixer (to ensure thorough mixing of pre-treatment buffer and
protease solutions | and Il)

Gilson pipettes and pipette tips

Thermo-systems Finnpipette (50ul-300ul) multi-channel pipette
1000mL graduated cylinder

Squeeze bottle

Electronic timer clock

Gilson Repeater pipette and tips

YV V.V V V V V

Plastic plate sealers supplied with the kit

QUALITY CONTROL
An internal laboratory quality control (EDTA plasma) was used to make sure

the assay was running effectively.

CALCULATION
All calculations were worked out by creating a standard curve using Softmax

Pro 3.12 computer software.

2.5 Quality Control

A pooled EDTA plasma sample was used to monitor inter-assay quality control

(QC). Blood from 2 healthy volunteers from the Vascular Biochemistry
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laboratory was drawn into 9mL EDTA vacutainers (BD Vacutainer Systems:
Becton, Dickinson and Company). Blood was separated immediately after
venipuncture by spinning (3000rpm at 4° C for 10 mins) in the under-bench
centrifuge (Beckman Coulter, GS-6KR) and aliquoting 500ul plasma into apex
tubes. These tubes were clearly labelled as controls and immediately frozen

at -80°C until required.

For ELISA assays, 2 wells at the end of each assay plate were filled with fresh
QC. The mean of the values from these two aliquots was determined and the
process repeated over 22 separate runs on R&D systems total adiponectin
ELISA assays (Chapter 2.4.1.1) and used to calculate out an inter-assay
coefficient of variation (CV). The CV was calculated out to be 6.73 %. This is
in line with the published inter-assay precision given in the R&D adiponectin
ELISA standard operating procedure (SOP) (appendix 3) where the CV (%) <
7.0. This Quality control was also used to calculate out an intra-assay CV on
each run, and this was in each case < 4.5% which is again in line with the
recommendations given by R&D systems for the ELISA method, where the

intra-assay CV is < 4.7%.

2.6 Statistical Analysis

For all pre-analytical and analytical variables | calculated basic statistics

(mean, median, CV, standard deviation (SD)) using an Excel spreadsheet.

For all other more complex statistics (excluding the intra-class correlation
coefficients (chapter 3.4)) the website for IFA statistics was used
(http://www.fon.hum.uva.nl/Service/Statistics.html). Calculations were

based on those in the paper by Ernst et al, 1985.

To maintain equivalence throughout the thesis, we assumed non-normal
distribution for all pre-analytical and analytical variable studies (Chapters
3+4) and used non-parametric tests to carry out statistical evaluation on our
data in these studies. The pre-analytical and analytical studies (chapters 3+4)
presented in this thesis are not large enough in sample number to assess the

true skewedness of the distribution. It is acknowledged that a non-parametric
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test with data from a small sample population with a wide range of values may
overestimate the significance level. The non-parametric tests may lack
statistical power with small sample numbers. However, from the majority of
literature reviewed on adiponectin distribution, the results are mostly highly
skewed (Sattar et al, 2006; Cavisoglu, 2006) and therefore we have assumed
non-normal distribution. The Wilcoxon matched pairs signed ranks test was
used in chapters 3.2 - 3.4 and 4.2 - 4.3 to determine significance, and the
Spearman’s rank correlation coefficient was also used in these studies to
determine whether there was a preservation in the given order between the
two variables.

The Wilcoxon matched pairs signed-rank test is a non-parametric statistical
hypothesis test for the case of two related samples or repeated measurements
on a single sample. It can be used as an alternative to the paired Student's t-
test when the population cannot be assumed to be normally distributed. It
should be used whenever the distributional assumptions that underlie the t-

test cannot be satisfied (median = mean).
The Spearman’s rank correlation coefficient (p) is a non-parametric measure

of correlation (wikipedia). It assesses if there is a monotonic relation between
two variables.

The intra-class correlation coefficients presented in the Biological Variability
chapter 3.4, were calculated out on an Excel spreadsheet according to Fleiss
(1986). This test is used to determine the optimum number of measurements
required for an assay to reduce misclassification of individuals (Poorhang,
MSc, 2005). Dr. Paul Welsh offered his expertise and guidance in the

calculation of these values.

In the clinical studies chapters 5+6, where sample numbers were much larger,
distribution was tested for and where appropriate, values were log-

transformed to follow normal distribution.
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Chapter Ill: Methodological Considerations -
Effects of Pre-Analytical Variables on

Measurements of Adiponectin

3.1 Introduction to pre-analytical variables

Many variables can affect the results obtained from analysis of blood samples
in both the clinic and laboratory environment. Pre-analytical variables are
those variables that may affect sample viability before it is analysed. These
include season, diet, time of day, stress, and physical activity of the patient,
as well as encompassing technical aspects of blood collection such as
venipuncture technique, anticoagulation, processing, and storage of blood
samples (Welsh, PhD, 2008).

The ELISA method for determination of adiponectin has become an
increasingly popular and accurate way of measuring levels of adiponectin in
human blood. It is cost effective and easy to perform, with samples being
analysed and results being obtained on the same day. However, before one
can use the results obtained from this method in proposing new thoughts on
the molecule’s functioning in the body, we have to be sure the results
obtained are not tainted with potential confounders before analysis.
Therefore it is essential to understand the steps that must be taken in order

to maintain a high standard of sample quality.

Due to time constraints it was not possible to investigate all potential
confounding pre-analytical factors, however from the series of studies
presented in this chapter the aim is to show that adiponectin results
presented in the clinical/epidemiological study chapters of this thesis can be

validated accordingly.
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This chapter investigates
» Freeze/thaw cycles and the effects this stress may have on measurable
concentrations of adiponectin in a sample.
» The effect of time taken between venipuncture and separation and the
temperature a sample may be subjected to during processing and
before freezing.

» Biological variability in study samples within our laboratory.
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3.2 Effect of Repeated Freeze/Thaw on Adiponectin

Levels in Human Blood Samples

3.2.1 Introduction

Large study cohorts often require several analytes to be measured on their
limited sample volumes (often only 1 aliquot is available for analysis), and so
it is not always possible to do all the tests on the first sample defrost. Some
assays can take 1-2 days to complete and for this reason it may be necessary
to repeatedly thaw and refreeze the samples on several occasions to allow all
measurements to be completed. Some peer reviewed studies suggest both
total adiponectin and HMW adiponectin to be fairly robust, and showed that
up to five freeze/thaw cycles had no effect on the measurable concentrations
in plasma (Schraw et al, 2008; Tanita et al, 2008). The robustness of this
molecule may reflect the reason behind the use of ELISA assays in many
epidemiological studies; ELISA antibody detection only requires the antigenic
site to be intact, rather than the marker show biological activity (Welsh, PhD,
2008). In this study we address the issue of whether this repeated
freeze/thaw compromises the measureable concentrations of adiponectin in

the plasma.

3.2.2 Principle

The aim was to investigate the effect of repeated freeze/thaw on the amount
of measurable adiponectin in a sample. We also aim to investigate if
measurable concentrations of adiponectin maintain rank correlation with
freeze thaw cycles.

A pilot study was first of all set up examining the effect of 7 freeze/thaw
cycles on total and HMW adiponectin levels in 5 serum samples from the

Reykjavik® cohort. After this data was analysed, a larger study group of 13

3 Aims to examine risk factors for out-of-hospital cardiac arrest. It is a long-term, prospective, population-based
cohort study that started in 1967. Methods and results from 1987 to 1996, 137 men and 44 women out of the 8006
men and 9435 women in the study sustained out-of-hospital cardiac arrest due to cardiac causes.
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people was used to study the effects of 5 freeze/thaw cycles on total

adiponectin levels in plasma samples.

3.2.3 Pilot Study (Reykjavik cohort)

3.2.3.1 Pilot Study Subjects and Methods

Blood collection, storage and analysis

The Reykjavik Study, initiated in 1967 as a prospective study of cardiovascular
disease, has been described elsewhere previously (Danesh et al, 2004). A total
of 8888 men born between 1907 and 1934 and 9681 women born between
1908 and 1935 who were residents of Reykjavik, Iceland, and its adjacent
communities on December 1, 1966 were enrolled in the study. All participants
had no previous history of myocardial infarction. 9 nurses administered
questionnaires, made physical measurements, performed spirometry and
electrocardiography, and collected venous blood samples after an overnight
fast for the measurement of the erythrocyte sedimentation rate and to
prepare aliquots of serum, which were stored at -20°C for subsequent
analysis. A set of 5 samples randomly selected from this cohort were used to
test the effect of freeze/thaw on the measurable concentrations of
adiponectin in serum samples. The Reykjavik samples had previously been
defrosted twice for use in the original Reykjavik study. Five samples from the
cohort were randomly selected and 250ul from each was aliquoted into a
separate apex tube. These apex tubes were labelled with sample ID, date and
control, and subsequently frozen at -80°C.

Over the next four consecutive days the original serum sample from the
cohort was defrosted at room temperature and refrozen. After the final
defrost on the 5" day an aliquot from each serum sample was removed into
an apex tube, labelled with freeze/thaw aliquot and stored at -80°C for
analysis. At the end of the pilot study defrosts, and including the previous
defrosts from the original Reykjavik Study, these samples had undergone a

total of seven defrosts.

At the time of analysis, the apex tubes were removed from the freezer and

snap thawed at 37°C. HMW adiponectin and total adiponectin concentrations
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were measured on all serum samples using the ALPCO Diagnostics Adiponectin
ELISA kit (General Methods 2.4.2). The original control samples along with the
freeze/thaw aliquots from this study were tested on the same plate, thus

avoiding any inter-assay variation. All available data was analysed.

Statistical analysis

Means, Medians, 25" percentiles and 75" percentiles (Inter quartile ranges
(IQR)) were calculated using an Excel spreadsheet. Dr. Paul Welsh advised on
statistical analysis. The Wilcoxon Matched-Pairs Signed-Ranks Test was used to
establish p-values and the Spearman’s rank Correlation Test was used to
establish p-values. (Chapter 2, General Methods). The website for IFA
statistics was used for these tests
(http://www.fon.hum.uva.nl/Service/Statistics.html). Calculations were
based on the book by Fleiss in 1986.



Chapter 3: Pre-Analytical Variables 72

3.2.3.2 Results

Results for this pilot study are summarized in tables 3.1 -3.3

Tables 3.1 (Total adiponectin) and 3.2 (HMW adiponectin) summarise the
effects of freeze/thaw on the 5 pilot study samples from the Reykjavik
cohort. Medians, 25" percentiles and 75 percentiles are tabulated for both
the baseline samples/control samples (2 defrosts) as well as for the samples

after they were subjected to an additional 5 defrosts.

Table 3.3 shows the p-values and correlation coefficients obtained from the
data. Because the sample size was so small it was hard to assess whether the
data was skewed, so a non-normal distribution was assumed and the Wilcoxon
Matched-Pairs Signed-Ranks Test was used. P-values obtained were non-
significant. The Spearman’s rank correlation was used to calculate p-values
and these show a good correlation between the baseline and the
freeze/thawed samples. The HMW adiponectin value was borderline

significant for this test (p<=0.08).

Figure 3.1 (total adiponectin) and 3.2 (HMW adiponectin) show measured

levels at baseline and after the freeze/thaw cycles.
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Table 3.1: Summary of the Data for Total Adiponectin Concentrations at

Baseline and After the Freeze/thaw Cycles on the 5 Pilot Study Reykjavik

Samples.

Time point

Median and IQR (pg/mL)
of 5 samples

Baseline

8.11

IQR
(8.0 — 11.02)

After 7 freeze/thaw cycles

7.78

IQR
(7.03 — 8.26)

Abbreviations for Table 3.1: IQR, Inter-quartile range.

Table 3.2:Summary of the Data for HMW Adiponectin Concentrations at

Baseline and After the Freeze/thaw Cycles on the 5 pilot Study Reykjavik

Samples.

Time point

Median and IQR (pg/mL)
of 5 samples

Baseline

5.53

IQR
(3.62 - 6.01)

After 7 freeze/thaw cycles

5.94

IQR
(4.70 - 6.15)

Abbreviations for Table 3.2: IQR, Inter-quartile range.
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Table 3.3: P-values and Spearman’s Rank Correlation Coefficients for

Baseline vs. Freeze/thaw Sample for Both Total and HMW Adiponectin

Concentrations

Total adiponectin HMW adiponectin

Wilcoxon matched- p =0.06 p=0.44
pairs signed-ranks test

Spearman’s rank
correlation coefficient p=1,p=0.02 p=0.9,p=0.08




Chapter 3: Pre-Analytical Variables 75

Figure 3.1: Graph Showing Concentrations of Total
Adiponectin Measured in the Reykjavik Samples at Baseline
and After Seven Freeze Thaw Cycles
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3.2.3.3 Discussion of pilot study

There was no significant change in concentrations of adiponectin after 7
freeze thaw cycles (p = 0.06, total adiponectin; p = 0.44, HMW adiponectin)
and these samples appear to show very good correlations with the
control/baseline samples p = 1, total adiponectin; p = 0.9, HMW adiponectin).
Our results suggest that both total and HMW adiponectin are therefore stable
for up to seven freeze thaw cycles and these findings corroborate with a
recent study (Tanita et al, 2008) which found that up to five freeze/thaw
cycles had no significant influence on the measurable concentrations of HMW

adiponectin in serum samples.

However these results must be taken in earnest as we must still bear in mind
that the sample set was small and that larger studies are needed to
corroborate our result. Small data sets can present a dilemma,; it is difficult to
tell if the data come from a normally distributed population. The non-parametric
tests are less powerful and the parametric tests are less robust within smaller
data sets. This fact may attribute to the borderline significant p value that
was obtained for the HMW adiponectin samples. It is not common practice to
attribute great belief in a result which has been drawn from a small sample
set and so | acknowledge that a larger sample set may provide more insight

into this variable and should be pursued.

Limitations of the study

One of the major limitations with a small study sample set is the fact that one
cannot determine whether the data is normally distributed and therefore
statistical analysis has less impact in terms of parametric associations. In
recent published literature (Sattar et al, 2008; McEntegart, 2007) adiponectin
results are generally skewed and so for the statistical analysis in this study we
have assumed a non-normal distribution, and used non-parametric tests on
the raw data. Also, in this study, analysis was only carried out on the baseline
sample and the sample after it had undergone 7 freeze/thaw cycles.

Concentrations were not measured after each thaw. This was because it was a
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pilot study and was set up merely to assess if there was a potential for

samples to deteriorate under this stress.

By defrosting a larger sample set (n = 13) each day for five consecutive days
and storing an aliquot from each defrost, we can determine better if there is
any compromise in the concentrations of adiponectin in the sample, and if so,

at which point the sample starts to deteriorate.



Chapter 3: Pre-Analytical Variables 78

3.2.4 Effects of freeze/thaw on measurable concentr  ations of

total adiponectin in a larger study group (n=13)

3.2.4.1 Study subjects and methods

Blood collection, storage and analysis

13 healthy volunteers, 9 female and 4 male (age 26 - 58 yrs), for this study
were obtained from the Vascular Biochemistry laboratory at the Glasgow
Royal Infirmary. Volunteers in the study signed an informed consent form
(Appendix) giving permission for a trained phlebotomist to take blood. They
were also informed that their bloods would be used for research purposes and
stored on the 4™ Floor of the Queen Elizabeth building at the Glasgow Royal
Infirmary. At the time of bleeding, 1 x 9mL EDTA vacutainer (BD Vacutainer
Systems: Becton, Dickinson and Company) was taken from these volunteers by
a trained phlebotomist. The volunteers were not fasted. After venipuncture
the blood samples were centrifuged (3000rpm, at 4°C, for 10 mins) in the
under bench centrifuge (Beckman Coulter, GS-6KR) within 30 mins. The
separated plasma was aliquoted into blue eppendorf tubes (2 x 1.5mL). These
tubes were clearly labelled with sample ID, date, time of venipuncture and
name of study. One of the eppendorfs per volunteer was used as the
baseline/control sample and stored at -80°C, while the other was removed
and snap-thawed each day at 37°C over 5 consecutive days. On each day an
aliquot was taken from the sample and stored as 1°* thaw, 2" thaw, 3" thaw,
4™ thaw and 5™ thaw consecutively. The samples were then kept stored at -
80° C until analysis could be carried out. On the day of analysis the samples
were snap thawed at 37°C. The samples were tested for total adiponectin
using the R&D Systems ELISA method (General Methods Section 2.4.1.1). All
samples were measured on the same assay plate in order to avoid inter-assay
variation. Due to financial constraints HMW adiponectin was not tested for on

this sample set. All available data was analysed.
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Statistical analysis

Medians, 25 percentiles and 75" percentiles were calculated using an Excel
spreadsheet. Dr. Paul Welsh advised on statistical analysis. The Wilcoxon
Matched-Pairs Signed-Ranks Test was used to establish p-values and the
Spearman’s rank Correlation Test was used to establish p -values (Chapter 2,
General Methods). The website for IFA statistics was used for this test
(http://www.fon.hum.uva.nl/Service/Statistics.html). Calculations were
based on the book by Fleiss in 1986.

3.2.4.2 Results

Results for this study are summarized in tables 3.4 and 3.5.

Table 3.4 shows Medians, 25% IQR’s, and 75% IQR’s for total adiponectin
concentrations at the 6 time points for all 13 volunteers. As can be seen from
the table values, the median remains roughly the same throughout the 5

freeze/thaw cycles.

Table 3.5 summarises p- values and p - values over the 5 freeze/thaw cycles.
Rank correlation is maintained throughout the 5 cycles and there was no
significant change between baseline values and those obtained at thaw 1, 3, 4
and 5. Baseline values compared to thaw 2 values show a significant change,

however rank order is still maintained on this thaw.

Figure 3.3 graphically shows the total adiponectin median levels over the five

freeze/thaw cycles.
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Table 3.4: Summary of Data for Total Adiponectin Over the 5 Freeze/thaw

Cycles.
Baseline | 1 Thaw | 2" Thaw | 3 Thaw | 4 Thaw | 57 Thaw
Adiponectin
Median and 10.21 10.74 10.50 10.12 10.89 9.66
QR for 13 (IQR) (IQR) (IQR) (IQR) (IQR) (IQR)
samples 6.57-11.84 | 6.73-14.40 | 7.72—-14.04 | 7.30-13.05 | 7.38-11.89 | 7.41 - 13.39
(Mg/mL)
Abbreviations for Table 3.2.4: IQR, Inter-quartile range.
Table 3.5: P-values and Spearman’s Rank Correlations for Total
Adiponectin Measurements Over the 5 Freeze/thaw Cycles.
Baseline Baseline Baseline Baseline Baseline
vs. 1% vs. 2" vs. 3™ vs. 4t vs. 5t
Thaw Thaw Thaw Thaw Thaw
Wilcoxon
matched-
pairs p = 0.50 p =0.01 p=0.95 p=0.45 p=0.96
signed-
ranks test
Spearman’s
rank p=0.89 p=0.98 p=0.98 p=0.95 p=0.99
correlation
coefficient
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Figure 3.3 Total Adiponectin Median Levels Over the Five
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3.2.4.3 Discussion

The manufacturers (R&D systems, ALPCO Diagnostics) of the assay kits used in
this study recommend avoidance of repeated freeze/thaw cycles but if plasma
samples need to frozen before analysis and thawed again, they should be
done so speedily after venipuncture and snap-thawed at 37°C to avoid
denaturation of protein in the sample. Manufacturers do not always specify

the number of thaws the sample will be stable to on the particular assay.

This study shows that up to five freeze thaw cycles has no significant effect
on the concentrations of total adiponectin in human plasma. Figure 3.3
illustrates that median levels of total adiponectin do not change significantly
over the five freeze thaw cycles.

It must be highlighted that the comparison between the baseline samples and
the samples at the 2" thaw showed a significant change (p = 0.01) (table 3.5),
however the correlation remained strong. Therefore it can be concluded that
although there may be a statistically significant change in the values at thaw
2, all samples in the set still maintained rank order and therefore correlate

accordingly to the values at baseline.

| conclude from the results presented here that total adiponectin is suitable
to be used in large epidemiological studies where several freeze thaw cycles
are required before analysis. More data is required using a larger population

to confirm and further expand on these findings.
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3.3 Blood Sample Processing

3.3.1 Introduction

Both in routine and research laboratories, it is not always possible to analyse
blood samples right away, and sometimes samples can sit on a bench or in a
fridge for some time before being centrifuged, separated and analysed or
frozen for storage, especially during busy times. Also, blood samples can be
sent by post or transferred from doctors or nurses practices’ and these are not
always delivered the same day. Under good laboratory practice, blood
samples should be centrifuged for separation within 30 minutes of
venipuncture, however this is not always possible i.e. when you are not taking
blood in the vicinity of a laboratory. It is common practice for some tests to
keep blood bottles refrigerated or on ice if they cannot be centrifuged and
separated right away. This minimizes breakdown of specific molecules in the
blood. This section of chapter 3 investigates whether measurable
concentrations of adiponectin deteriorate in blood samples that have been
left as whole blood on a bench between 23°C - 25°C or in a fridge between 4 -
8°C for up to 6 days. This study allowed assessment of the robustness of

adiponectin to differing modes of sample collection.

3.3.2 Principle

The aim of this study was to determine if leaving bloods un-separated (a) in a
fridge/cold room (between 4-8°C) and (b) on a bench at room temperature
(23°C - 25°C) for up to 6 days after venipuncture would have an effect on

measurable concentrations of total adiponectin in EDTA blood samples.
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3.3.3 Study Subjects and Methods

Blood collection, storage and analysis

13 healthy volunteers, 8 female and 5 male (age 26 - 58 yrs), from the
Vascular Biochemistry laboratory at the Glasgow Royal Infirmary were
recruited to take part in the Fridge study and 10 people, 6 female and 4 male
(age 26 - 58 yrs), from the same laboratory were recruited to take part in the
Bench study (3 people were unable to be bled for all 6 tubes). Volunteers in
the study signed an informed consent form (Appendix 5) giving permission for
a trained phlebotomist to take blood. They were also informed that their
bloods would be used for research purposes and stored on the 4 Floor of the
Queen Elizabeth building at the Glasgow Royal Infirmary. On the day of
venipuncture six 9mL EDTA vacutainers (BD Vacutainer Systems: Becton,
Dickinson and Company) were collected from each volunteer. Not all of the
volunteers were fasted. All samples were labelled with the sample ID, time
and date of venipuncture, the study name (either Bench or Fridge study), and
the time point (e.g. baseline, 2 days, 6 days). The cold room in our laboratory
was kept between 4°C -8°C for the duration of this study and the bench

laboratory temperature ranged between 23°C - 25°C.
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Figure 3.4: Flow Diagram Showing the Processing of Blood for the Fridge and

Bench Studies.
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For each volunteer where possible two of the samples were stored in the
refrigerator in a safe place between 4-8°C, two of the samples were stored on
the bench at room temperature (23°C - 25°C) and the other two tubes of
EDTA blood were spun and the plasma separated immediately after
venipuncture (3000rpm at 4°C for 10 mins) in the under bench centrifuge
(Beckman Coulter, GS-6KR). The plasma was immediately aliquoted into
eppendorf tubes (red eppendorfs for the bench study and green eppendorfs
for the fridge study) (Figure 3.3). These plasma samples were labelled Bench
study baseline and Fridge study baseline respectively and stored in a -80°C
freezer. Two days after venipuncture another two EDTA blood tubes (one
from the fridge and the other from the bench) for each volunteer were
centrifuged and the plasma was aliquoted into labelled eppendorfs (volunteer
ID, appropriate study name, 2 day sample) and stored alongside the baseline
plasma samples in the -80°C freezer. Finally six days after venipuncture, the
last EDTA blood tubes from each volunteer (1 from the fridge and the other
from the bench-top) were centrifuged and aliquoted into labelled eppendorfs
(volunteer ID, study name, 6 day sample) to be stored alongside the other two
samples in the -80°C freezer. All three samples per person in each study were
tested for total adiponectin concentrations using an R&D Systems Adiponectin
ELISA kit (General Methods Section 2.4.1.1). All available data was analysed.
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Statistical Analysis

Medians, 25" percentiles and 75" percentiles were calculated using an Excel
spreadsheet. Dr. Paul Welsh advised on calculating out P- values and
correlation coefficients. The Wilcoxon Matched-Pairs Signed-Ranks Test
(Chapter 2) was used to establish p-values and the Spearman’s rank
Correlation Test (Chapter 2) was used to establish p -values. The website for
IFA statistics was used for these tests
(http://www.fon.hum.uva.nl/Service/Statistics.html). Calculations were
based on the book by Fleiss in 1986.

3.3.4 Results

Results from this study are summarised in tables 3.6 - 3.9

Table 3.6 shows medians, and IQR’s for the data obtained during the Fridge
(between 4-8°C) and Bench (25°C) studies.

Table 3.7 summarises statistical analysis from the Fridge study where samples
were left un-separated as whole blood for up to 6 days at 7°C in a cold room
before being processed. Comparisons between the baseline samples and those
blood samples that were processed after being left for 2 days (48hrs) and 6
days (144hrs) in the fridge show no significant change in measurable
concentrations of total adiponectin (p= 0.54 and p=1 respectively). There
exists a significant correlation (p = 0.87, p < 0.0001 (48hrs); p =0.91, p <
0.0001 (144hrs)) between the baseline sample values and the values obtained
from samples that were left un-spun as whole blood for 2 days and 6 days in
the fridge.

Table 3.8 summarises statistical analysis from the Bench study where samples
were left un-separated as whole blood for up to 6 days on the bench-top
between 23°C-25°C before being processed. Comparisons between the
baseline samples and those blood samples that were processed after being
left for 2 days (48hrs) and 6 days (144hrs) on the bench-top show no
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significant change in concentrations of total adiponectin (p=0.77 for both
time points). The 48 hour and 144 hour samples show a good correlation to

the baseline samples (p = 0.95, p < 0.0001 for both time points).

Table 3.9 illustrates that there was no significant difference in measurable
concentrations of total adiponectin in EDTA blood samples when left between
4-8°C or at 25°C and this trend was carried through for both 2 day old
samples as well as those processed after 6 days (p<=1, 2 day samples; p<=
0.16, 6 day samples). Results obtained from samples left on the bench-top at
23°C-25°C correlate well with results from samples left in the fridge between
4-8°C at both time points (p = 0.90, 48hr samples; p = 0.92, 144hr samples,
p<=0.0008).

Figure 3.5 shows total adiponectin values in each subject at each time point
(baseline, 48 hours and 144 hours) from the Fridge and Bench studies.
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Table 3.6: Blood Sample Processing Results for Total Adiponectin

Means and SD’s for all subjects

Median (pg/mL)

Baseline (Ohr) 9.92
IQR
(5.93-12.98)
Fridge 2 days after venipuncture
(48hr at fridge temp.) SI)C.;FZ
(7.82-11.04)
Fridge 6 days after venipuncture
(144hr at fridge temp.) ?c;g
(6.22-12.05)
Bench 2 days after venipuncture
(48hr at bench temp.) Elsgs
(5.01- 11.86)
Bench 6 days after venipuncture
(144hr at bench temp.) ?33
(4.18-11.03)

Abbreviations for table 3.6: IQR, Inter-quartile range.
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Table 3.7: Summary of Data From the Fridge Study Where Blood Samples

Were Left Between 4-8°C for 2 and 6 Days Un-separated as Whole Blood

Baseline vs. 2days after
venipuncture

Baseline vs. 6days after
venipuncture

Wilcoxon matched-
pairs signed-ranks test

p =0.54

p =0.99

Spearman’s rank
correlation coefficient

p = 0.87, p <0.0001

p= 0.91, p <0.0001

Table 3.8: Summary of Data From the Bench Study Where Blood Samples

Were Left at Room Temperature (23°C - 25°C) for 2 Days and 6 Days Un-

separated as Whole Blood

Baseline vs. 2days after
venipuncture

Baseline vs. 6days after
venipuncture

Wilcoxon matched-
pairs signed-ranks test

p=0.77

p=0.77

Spearman’s rank
correlation coefficient

p= 0.95, p < 0.0001

p= 0.95, p < 0.0001

Table 3.9: Comparison

Between Data From the Bench Study With Data

From the Fridge Study

Bench vs. Fridge (2
days after
venipuncture)

Bench vs. Fridge (6
days after
venipuncture)

Wilcoxon matched-
pairs signed-ranks test

p = 0.99

p=0.16

Spearman’s rank
correlation coefficient

p= 0.90, p <0.0001

p=0.92, p <0.0001
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3.3.5 Discussion

Our findings show that blood samples left un-spun as whole blood in the fridge
between 4-8°C and on the bench at 23°C -25°C for up to 6 days are still
viable for total adiponectin analysis and show no deterioration in this variable
(table 3.7 and 3.8).

Importantly, when the Bench Study values were compared with the Fridge
Study values for each time point (table 3.9), there was no significant change
in the values and a good significant correlation between the data sets was

obtained.

The results presented here found that measurable concentrations of total
adiponectin were not significantly different in those specimens analysed after
48 hours or 144 hours compared with those that were processed immediately
(p = 0.99) (table 3.9). These findings are in line with those reported by
Pischon et al in 2003, where their findings report no significant change in
adiponectin levels in 6 male and 6 female EDTA plasma samples when
processed up to 36 hours after venipuncture (gender adjusted).

The findings here also extend to show that temperature did not seem to have
an effect on measurable concentrations of adiponectin in these un-separated

blood samples for up to 6 days.
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3.4 Biological Variability

3.4.1 Introduction

Measurements of laboratory analytes for individuals are subject to many
sources of variation. These include biological variation, pre-analytical
variation (specimen collection), analytical variation (bias and imprecision),
and post-analytical variation (reporting of results). Biological variation, the
natural fluctuation of body fluid constituents around the homeostatic setting
point, has two components: within and between-subject variation (Ricos et al,
2000). These components of biological variation are used to set analytical
quality specifications for bias and imprecision, evaluate serial changes in
individual analytes, and assess the clinical utility of population-based
reference intervals (Lacher et al, 2005). Concentrations of a molecule in the
blood can vary over the time of day, between seasons, can depend on
whether the sample is fasted or non-fasted or can vary over a period much
longer than a day depending on the activity of the subject. Sometimes
variation in circulating concentrations of molecules can be caused by
predictable external factors. These include eating patterns, activity and
seasonal weather changes, thus allowing prediction of biological variation at a
population level (Welsh, PhD, 2008). However it is those less predictable
fluctuations that may be of more use in epidemiological studies, because they
may provide insight into the usefulness of the molecule to predict disease.
These include response to clinical infection, medication or as a response to
rises in any other risk markers of disease. It is important to take biological
variation into account when looking at risk associations in study cohorts. The
same blood sample for each volunteer should be used to analyse all risk
markers that can be measured using that type of sample. This will rule out
potential fluctuating concentrations of variables in the blood that may
confound the results if measured using different aliquots from the same

subject.

In 1985, Ernst et al conducted a study involving 15 males and 10 females with
a mean age of 23 + 2. This study aimed to investigate intra-person variability

over time. Blood was taken from the subjects on 4 separate occasions at
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intervals of 7+ 2 days. They assayed samples for plasma viscosity, hematocrit,
red blood cell aggregation, red cell filterability and leukocyte count. After
analysis they used the mean of the CVs and methodological CVs to calculate
out the biological CV using the formula listed in methods below. Their results
state that biological variation tends to be larger than methodological

variation.

There is limited literature pertaining to the biological variation of adiponectin
over time. In 2003, Pischon et al published a short technical brief on the
stability of adiponectin in plasma samples and it’s within person variation
over one year. The pilot study to test for the 1 year reproducibility of
adiponectin employed 300 randomly selected men from the previously
mentioned (Chapter 1) Health Professional Follow up Study (HPFS) (Pischon et
al, 2004). They included additional samples to assess the intra assay variation
and found a CV of 20% (n=2). They adjusted their results for BMI, and found no
significant difference (p=0.09) in adiponectin concentrations taken 1 year
apart, but showed a high degree of reproducibility (intra-class correlation
coefficient, 0.84, 95% Confidence Interval, 0.65-0.94). Therefore, they
concluded by suggesting that a single measurement of adiponectin may be

sufficient for risk assessment in epidemiological studies.

In a recently reported biological variation investigation, HDL-C was reported
to have a dilution regression ration of 0.71 (The Emerging Risk Factors
Collaboration, 2009). Since adiponectin has known associations with HDL-C, it
is important to investigate whether the concentrations of this molecule

fluctuate significantly.
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3.4.2 Principle

The aim of this study was to investigate biological variation of total
adiponectin by assessing whether total adiponectin levels vary significantly in
an individual over the period of 6 weeks. This will allow us to determine if a
single measurement of total adiponectin is sufficient for use in

epidemiological studies.

3.4.3 Study Subjects and Methods

Blood collection, storage and analysis

9 volunteers, 8 women and 1 male (26 - 58 yrs), from the Vascular
Biochemistry laboratory at the Glasgow Royal Infirmary were recruited for this
study. Participants in the study signed an informed consent form (Appendix 5)
giving permission for a trained phlebotomist to take blood. They were also
informed that their bloods would be used for research purposes and stored on
the 4™ Floor of the Queen Elizabeth building at the Glasgow Royal Infirmary.
None of the volunteers were smokers. One 9mL EDTA vacutainer (BD
Vacutainer Systems: Becton, Dickinson and Company) was taken off each
volunteer at the same time, on the same day each week, for six consecutive
weeks. Volunteers were in the same fed state each week. Fasted samples are
demarcated with an asterisk in table 3.12 below. After venipuncture the
blood samples were centrifuged (3000rpm, 4°C, 10 mins.) within 30 min. in an
under-bench centrifuge (Beckman Coulter, GS-6KR). Plasma was separated
and aliquoted into eppendorf tubes (2 x 1.5mL), using plastic pastettes. The
eppendorf tubes were clearly labelled with sample ID, name of study and
week, date and time of venipuncture. The plasma was then stored in the -
80°C freezer until analysis could be carried out. On the day of analysis all
samples were snap-thawed at 37°C, and all six samples per person were
assayed on the same ELISA plate, to minimise inter-assay variation of results.
Samples were analysed on the first defrost using the R&D Systems ELISA

method (General Methods section 2.4.1.1). All available data was analysed.
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Statistical analysis

Medians, SDs and CVs were calculated using an Excel spreadsheet.

The laboratory intra-assay variability (table 3.10) was quantified by running
pooled EDTA plasma (from healthy volunteers) on an R&D systems ELISA assay
(General Methods section 2.4.1.1). Three dilutions from the same plasma
sample were prepared according to the R&D ELISA SOP and run 8 times on the
same assay, thereby yielding 24 results in all. The means, standard deviations
(SD’s) and CVs from each dilution are calculated and tabulated below. The
mean of the CVs was calculated using excel and used as the intra-assay CV in
this study.

Laboratory inter-assay variability (table 3.11) was also quantified. As
previously explained in chapter 2, this was done by running the same EDTA
pooled plasma mentioned above, on 22 separate R&D systems total
adiponectin ELISA assays (General Methods section 2.4.1.1) in duplicate.
Means were calculated for each assay and then the mean of these means and
standard deviations were used to calculate out a CV. As expected the inter-

assay CV was higher than the intra-assay CV.

Total within person variation (Total CV) is the combined effect of biological
CV and methodological CV (intra-assay CV), the latter being a constant value.

Biological CV is therefore calculated using the following equation:

Biological CV = Total CV-Methodological CV
1-Total CV

(Ersnt et al, 1985)

(Refer to appendix 2 for full calculation)
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Dr. Paul Welsh advised on statistical analysis. The Spearman’s rank correlation
test (Chapter 2, General Methods) was used to compare the concentrations of
adiponectin taken at baseline to those taken in week 3, and then again
comparing the baseline concentrations with those from week 6 ( Table 3.14).
Subject EM was unable to complete the study and so comparisons for
baseline/week 6 use data from only 8 samples for calculation purposes. The
website for IFA statistics was used for these tests
(http://www.fon.hum.uva.nl/Service/Statistics.html). Calculations were

based on those in the paper by Ernst et al, 1985.

The intra-class correlation coefficients (Chapter 2, General Methods) were
calculated out according to the book on “the design and analysis of clinical
experiments” by Fleiss, 1986, using an excel spreadsheet. | received guidance

from Dr. Paul Welsh when performing these tests.
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Table 3.10: Laboratory Intra-Assay Variability
Sample n Mean (ug/mL) SD CV (%)
A 8 14.50 0.65 4.50
B 8 15.56 0.44 2.85
C 8 17.06 0.83 4.86

Abbreviations for Table 3.10: SD, Standard deviation; CV, coefficient of

variation.

For the calculation of biological CV, using the equation on the previous page,

the mean of these CVs was used as the methodological CV.

This was calculated on an excel spreadsheet as 4.07 %.

See appendix for full calculation.

Table 3.11. Laboratory Inter-Assay Variability

n

mean

SD

CV (%)

Adiponectin
(Hg/mL)

22

15.64

1.05

6.73

Abbreviations for Table 3.11: SD, Standard deviation; CV, coefficient of

variation.
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3.4.4 Results

The effects of short term biological variation on adiponectin concentrations in
plasma are summarised in Tables 3.12 - 3.15

Blood samples were taken from 9 healthy volunteers and there were 50 time
points in total. Subjects DB and EM were unable to give all 6 time points. All

available data was analysed.

Table 3.12 shows the medians, 25" percentiles and 75 percentiles from six

weeks of results in all 9 volunteers.

Table 3.13 shows the total variability in the 9 volunteers that took part in the
study. Total CV comprises both a methodological CV and biological CV
component and these have been calculated out accordingly using the formula
above and tabulated. As expected the biological CV was greater than the
methodological CV, and the mean of intra person means falls within the
normal range adiponectin concentration value for healthy individuals (0.5-30
ug/mL) (Magkos et al, 2007).

As we can see from the Spearman’s Rank Correlation coefficients reported in
table 3.14, total adiponectin concentrations correlate with one another

throughout the six weeks.

Table 3.15 summarises the intra-class correlation coefficient and 95%
confidence intervals for reliability measurements. The intra-class correlation
coefficient is (0.99, 95% Cl: 0.98 - 1.00).

Figure 3.6 shows changes in adiponectin concentrations in all subjects over

six weeks.
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Table 3.12: Intra Person Medians (and IQR) of Weekly Measurements of

Adiponectin. Results Obtained from 50 Observations From 9 People
(Subjects DB and EM Were Unable to Give all 6 Time Points.

Median (pg/mL)
DB* 13.28
IQR (13.20 - 13.63)
PwW* 9.93
IQR (8.84 - 11.52)
LC 15.45
IQR (14.74 - 17.21)
MC 9.11
IQR (8.69 - 9.95)
KU 6.64
IQR (5.84 -7.06)
PS* 1.10
IQR (1.05 - 1.07)
EM 11.59
IQR (10.96-12.06)
FC 10.70
IQR (10.18-11.11)
GS 5.78
IQR (5.39-6.12)

Abbreviations for Table 3.12: CV, coefficient of variation; IQR, Inter-quartile

range.
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Table 3.13: Total CV and the Relative Proportions That are Methodological

(Intra-Assay) or Biological in Origin.

Results obtained from 50 observations from 9 people (subjects DB and EM

were unable to give all 6 time points; refer to appendix for full table of

results).

Measured Protein | Mean Mean Mean | Methodological | Biological
of of of CV % CV%
intra- intra- intra-
person | person | person
means SD’s CV’s

(%)
Adiponectin(ug/mL) | 9.37 1.21 12.90 4.07 10.14

Abbreviations for Table 3.13: SD, Standard deviation; CV, coefficient of
variation.

Table 3.14: Spearman’s Rank Correlations From the Comparison of
Adiponectin Concentrations at Week 1 With Week 3 and Week 1 with Week
6.

Data Compared Spearman’s rank correlation
coefficient
Baseline with week 3 p=0.78, p <= 0.02
Baseline with week 6 p=0.85, p <= 0.01
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Table 3.15: Intra-Class Correlation Coefficients For Reliability

Measurements in Short Term Variation.

Intra-class n required n required
correlation measurements measurements
coefficient for 75% for 90%
(95% CI) reliability nrep reliability nrep
(95% CI) (95% CI)
Adiponectin 0.99 (0.98 - 1.00) 1(1-1) 1(1-1)

Abbreviations for Table 3.15: Cl, Confidence Interval; nrep, number of

required repeat measurements.
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3.4.5 Discussion

It is important to consider the background biological variation in prospective
studies. A single assessment of a biochemical indicator may be prone to short-
term variation and can lead to under-estimation of risk association (Pischon et
al, 2003). The danger of misclassifying an individual into a particular risk
category, be it high, intermediate or low, increases with a decrease in
reproducibility of a marker, therefore damagingly impacting on the usefulness
of the marker as a clinical tool (Welsh, PhD, 2008).

In this study the intra-assay CV (4.07%), is in line with that given by industrial
kit parameters (2.5 - 4.7%, R&D systems ELISA; <=3.0, Mercodia and 5.4%,
ALPCO Diagnostics ELISA). Although, the mean intra person CV was relatively
high (12.9%), the biological component of this was fairly low (10.14%) as
compared to some of the inflammatory cytokines (55.7%, CRP and 50.1%, IL-6)
(Welsh, PhD, 2008), suggesting adiponectin is fairly stable in healthy
volunteers. Interestingly, taking into account the known positive correlations
adiponectin has with HDL cholesterol, a meta-analysis of 30 studies published
from 1970-1992 yielded estimates of biological CV of 7.4% for HDL cholesterol
(Smith et al, 1993). Therefore our findings from this small study are broadly
consistent with known percentages of variability in established risk markers

(e.g. HDL-C) that display robust correlations with adiponectin.

The good correlations that this study reports between baseline and week 3 (p
= 0.78) and between baseline and week 6 (p = 0.85) suggests that intra-
individual adiponectin concentrations are fairly stable over short term periods
(up to 6 weeks) (table 3.14). Also, the intra-class correlation coefficient
(0.99, 95% CI: 0.98 - 1.00) (table 3.15) in this study shows that total
adiponectin has a high degree of reproducibility and these findings, that a
single measurement of adiponectin concentration is sufficient for risk
assessment in epidemiological studies. These findings are in line with those
from the 2003 study by Pischon et al.

Figure 3.5 shows no linear trend between mean adiponectin concentrations
and CV. Therefore CV appears to be independent of the plasma level of

adiponectin. Larger studies would give a more accurate depiction of this
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relationship, but at face value, these data are reassuring as they suggest the

adiponectin assay performs well across a range of values.

Limitations of the study

There were a few limitations to the study that merit discussion. The 50
samples analysed were not all in the same fed or fasted state. Only 3 of the
volunteers were in a fasted state when the bloods were taken each week.
However the state was consistent for each subject throughout the 6 weeks
and from recent literature, it seems adiponectin levels do not alter
postprandially (Caixas et al, 2006).

This study was not sufficiently large enough to stratify by sex, age and
lifestyle factors. All, except two, women were pre-menopausal, and all
individuals, as far as we can judge, led healthy lifestyles. Of note, the males
had reduced levels of circulating adiponectin. Of course variation exists due
to other external factors, for example genetic or other unknown metabolic or
hormonal factors. However, it may not be possible to explain much more of
the variation in adiponectin concentrations because of biological variation, as
the mechanism for rises in adiponectin concentrations still requires further
investigation. As it stands presently, adiponectin shows random pulsatility in
its secretion (Punthakee et al, 2006). Other factors affecting the
reproducibility of adiponectin should be considered, these include long term
storage, freeze/thaw cycles and temperature during assay. Although, our
prior studies in this thesis suggest adiponectin is in fact quite stable to many

such considerations.

Also, due to time restraints we were unable to carry on the work for a longer
period of time. We suggest that additional studies be carried out with larger
volunteer numbers over a longer study time period and with all volunteers in

the same fed state.

It may also be interesting to look at biological variability of other forms of
adiponectin, particularly HMW adiponectin as it is thought to be the more

biologically active form of the molecule.



Chapter 4: Analytical Variables 106

Chapter IV:
Methodological
Considerations - Effects
of Analytical Variables
on Measurements of
Adiponectin

4.1 Introduction to Analytical Variables

Analytical variables refer to problems or differences that may arise with
performance of a test in the laboratory. The term ‘analytical variable’ refers to
everything that affects a measurement: the method, the equipment, the
reagents, the analyst, the laboratory environments, etc. Analytical variability
can be reduced by adopting a stringent quality assurance procedure and by

working to good laboratory practice (GLP) standards.

The first study in this chapter investigates compatibility of commercial ELISA
kits available on the present market for the measurement of total
adiponectin. It is important that the variability between commercial kits be
considered when making comparisons between epidemiological studies,
because if results obtained for total adiponectin are measured on different
kits and are not comparable, then assumptions drawn from comparisons of the

two data sets cannot be validated.

The second study in this chapter aims to validate the use of citrated plasma
samples for the R&D Systems adiponectin ELISA kit. At present only EDTA
plasma, serum and cell culture supernates have been validated for use on this
kit. Sometimes a study may only have one type of aliquot obtainable from
each volunteer/patient and it may be necessary to do all available tests on
this sample if re-bleeding is not an option. This validation may add further

scope for total adiponectin analysis when using this kit.



Chapter 4: Analytical Variables 107

4.2 Analysing Citrated Samples for Total Adiponectin
Using R&D ELISA Methodology

4.2.1 Introduction

Compounds that do not allow blood to clot are called anticoagulants. The
most common of these include EDTA, Heparin and Citrate. Most clinical
laboratory tests are performed using blood collected in EDTA or serum (Green
et al, 2008). Situations may arise where blood has been drawn from a patient
and preserved with only one type of anticoagulant and so all tests need to be
performed on this sample, unless the patient is available for re-bleeding. All
current ELISA assays recommend the use of human serum, EDTA plasma, or Li-
Hep plasma for HMW adiponectin. In addition serum, plasma or cell culture
supernates are recommended for total adiponectin analysis. It clearly states
in the user guide for these assays that citrated plasma has not yet been

validated for use in analysis.

Citrate is usually used for coagulation tests, as well as in blood transfusion
bags. It gets rid of the calcium, but not as strongly as EDTA (wikipedia). It can
be in the form of sodium citrate or Acid Citrate Dextrose Solution (ACD).
Occasionally our laboratory receives only citrated plasma samples for a study.
We generally like to measure as many variables on a sample as possible to
gain a better understanding of disease and the associations between
molecules in the pathogenicity of these various diseases, in particular CVD

and Diabetes.

It is for this reason that this study aims to validate the use of citrated plasma
samples in the total adiponectin ELISA assay. There is limited literature on
this and so validation may prove to be a novel method for adiponectin

analysis.
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4.2.2 Principle

The aim of this study was to validate samples that have been preserved with
citrate anticoagulant for use in a total adiponectin R&D systems ELISA assay
(general methods chapter 2.4.1.1). We had a cohort from the Postman study*
in which samples had both an EDTA and a citrate aliquot for each volunteer.
We assayed 109 EDTA plasma samples and the same 109 volunteers’ citrated
plasma samples on an R&D systems ELISA assay and compared the results to
see if there was a significant difference in values between the separate
anticoagulant factors and whether the results rendered from the two sample

types correlated.

4.2.3 Study Subjects and Methods

Blood collection, storage and analysis

The following participant recruitment has been previously described
elsewhere (Chastin et al, 2009). Participants for the study were postal
workers, recruited from offices in Glasgow, UK. Postal workers within Glasgow
were informed of the study via work e-mail, and participants volunteered to
take part in the study. Postal workers were selected because there were clear
distinctions in required activity levels at work between occupational
categories. In this study, participants were either delivery postal workers who
walked their delivery route (active workers) or office-based postal workers
(sedentary workers). These categories were used to allow a comparison
between individuals with typically active and sedentary employment types.
Participants were non-smokers aged between 20 and 60 years, had been
working for at least 3 months prior to the study, and were not on any
medication for chronic heart disease, diabetes, hypertension or

hypercholesterolemia.

4 Study looking at postal workers in the Glasgow area, UK. Postal workers have clear distinctions in required activity
levels at work: desk/office job vs. postal delivery worker. This study allows comparison between individuals with
active and sedentary employment and aims to look at how lifestyle affects CVD risk factors, diabetes, obesity and

general well being.
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Written informed consent was obtained from all participants. The study was
approved by the School of Health and Social Care, Glasgow Caledonian
University ethics committee, and was performed in accordance with the

ethical standards laid down in the 1964 Declaration of Helsinki.

| obtained consent from the Principle investigator of the Postman study (Dr.
William Tigbe) to include my findings from his samples in my study.

Blood was drawn, by a trained medical practitioner, into two EDTA
vacutainers (BD Vacutainer Systems: Becton, Dickinson and Company) and a
citrate vacutainer (BD Vacutainer Systems: Becton, Dickinson and Company).
These were placed on ice at the post office where blood was taken and
immediately transported back to the Vascular Biochemistry laboratory for
separation. The bloods were processed within 2 hours of venipuncture, where
they were spun (3000rpm at 4°C for 10 min.) in an under-bench centrifuge
(Beckman Coulter, GS-6KR) and the plasma separated with pastettes and
aliquoted into eppendorf tubes (Blue for citrate and red for EDTA). The
eppendorfs were clearly labelled with sample ID, date and time of
venipuncture and placed in a -80°C freezer until analysis could be carried out
on them. On the day of analysis samples were removed from the freezer in
batches of 78, snap-thawed at 37°C and assayed on a R&D systems ELISA assay
(general methods, chapter 2.4.1.1). Since each plate can only accommodate
78 study samples and 2 controls, two plates were used to fit the 109 EDTA
samples on for analysis and two separate plates were used to fit the 109
citrate samples on. Total adiponectin and citrate were measured on the first

defrost of these samples. All available data was analysed.

Statistical Analysis

Medians and CVs were calculated using an Excel spreadsheet. Dr. Paul Welsh
advised on calculating out p- values and correlation coefficients. The
Wilcoxon Matched-Pairs Signed-Ranks Test (Chapter 2) was used to establish
p-values and the Spearman’s rank Correlation Test (Chapter 2) was used to
establish p -values. The website for IFA statistics was used for these tests
(http://www.fon.hum.uva.nl/Service/Statistics.html). Calculations were
based on the book by Fleiss in 1986.
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4.2.4 Results

Table 4.1 summarises medians, 25" percentiles and 75" percentiles (IQR’s)

for both the citrate and EDTA sample types in all 109 volunteers.

Table 4.2 shows results from statistical analysis on the two sample types.
There seems to be a significant change in concentrations of total adiponectin
when measured on citrate samples compared to concentrations obtained from
the EDTA samples (p< 0.001) (both measured using the R&D systems ELISA
method). The Spearman’s Rank Correlation Coefficient between these two

data sets was 0.96 and highly significant (p< 0.001).

Figure 4.1 illustrates a Bland Altman plot of the mean of EDTA and Citrate
log-transformed values vs. the difference between the log-transformed values
of adiponectin concentrations from each sample type (Citrate and EDTA) using
the R&D systems ELISA assay (general methods, chapter 2.4.1.1). Citrate
values seem to be consistently lower than the EDTA values obtained using this

assay.
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Table 4.1 Summary of Data for EDTA Plasma and Citrate Plasma Measured

on an R&D ELISA Assay for the Determination of Human Total Adiponectin

Type of sample Median (pg/mL)

6.10
EDTA Plasma
IQR
(4.89 - 9.47)

5.34

Citrate Plasma
IQR
(3.84 - 8.48)

Abbreviations for table 4.1: IQR, Inter-quartile range.

Table 4.2 Summary of Data from the Comparison of Total Adiponectin

Results Obtained from Citrate Plasma and EDTA Plasma

Statistical test Citrate Plasma vs. EDTA Plasma
Wilcoxon matched-pairs signed-ranks p <0.0001
test
Spearman’s rank correlation p =0.96, p < 0.0001
coefficient




Figure 4.1: Illustrating Bland Altman Plot of Mean of EDTA and Citrate Logged Total Adiponectin Values vs. the Difference between the
EDTA and Citrate Logged Adiponectin Values
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4.2.5 Discussion

It is imperative to know the viability of sample types for different laboratory
tests. In most cases the sample types that have been validated for the assay
will be stated in the assay SOP. Although EDTA plasma is the most widely used
sample type for most laboratory analysis, it may be necessary in some
instances for another type of sample to be used. As is the case with large
epidemiological studies, and if finance permits, a researcher would aim to
test as many variables on that one sample to get a wider knowledge on the

interactions of molecules in a disease/healthy state.

In this study one aim was to validate Citrate plasma samples for use on an
R&D total adiponectin ELISA assay. From statistical analysis of the data (table
4.2), we can see that although there may be a significant difference in the
actual concentrations of total adiponectin between the citrate and the EDTA
samples (p< 0.0001), the highly significant correlation coefficient of 0.96
demonstrates that the samples maintain rank order between the two sample
types. Figure 4.1 shows a Bland Altman plot of the mean of the EDTA and
citrate samples vs. the difference between the two measurable
concentrations from each sample type. The plot shows that on average the
Citrate samples rendered lower total adiponectin values than the EDTA
samples did (those values below the red line) (Figure 4.1). Looking at absolute
concentrations, the total adiponectin concentrations measured on citrate
samples were about ~1ug/mL lower than those concentrations obtained from
the EDTA samples. This discrepancy is almost certainly due to the dilution
effects, since citrated tubes contain 0.5mls of fluid to which 4.5mls of blood
is added.

In conclusion, EDTA samples produce higher total adiponectin values than the
citrated samples do when using this ELISA assay, but the correlation is still
very good. Therefore citrated plasma samples could be validated for use. It’s
not an issue that the citrate values are slightly lower, as long as they are
consistently lower within a study. However, it must be noted that the same

type of sample should be used throughout the duration of a study; study
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results would not be comparable if one half of the cohort was measured on

EDTA plasma and the other half of a cohort on citrate plasma.

We suggest that larger studies are needed to corroborate this result.
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4.3 Comparison of Total Adiponectin Measurement by
Three Different Commercially Available ELISA Kits

4.3.1 Introduction

As previously mentioned, adiponectin automatically self-binds to form larger
structures and there are different multimeric forms including LMW trimers,
MMW hexamers, HMW oligomeric structures and finally globular adiponectin.
The varying forms have altered biological activity and therefore may also have

separate functions.

A human adiponectin ELISA is designed to measure the concentration of
molecules in human plasma/serum. Until recently ELISA’s for the
determination of adiponectin allowed only for the measurement of total
adiponectin on samples. However, interest in adiponectin multimerisation and
the regulation of its isoform distribution was fuelled by several studies
indicating that most of the biological activity of adiponectin was attributed to
the HMW form rather than to the LMW and MMW complexes. It became
necessary for there to be a method capable of measuring all of the multimeric
complexes. A handful of methods have been used for the isolation and
measurement of HMW adiponectin, based on velocity gradient centrifugation
(Scherer et al, 1995), gel filtration chromatography (Tsao et al, 2002) and
polyacrylamide gel electrophoresis (Waki et al, 2003). However more
recently, novel ELISA’s have been developed to measure not only the total
adiponectin concentrations in a given sample, but also the varying oligomeric

forms of this molecule.

Prior to the introduction of this novel kit from ALPCO diagnostics (General
Methods section 2.4.2), only total adiponectin measurement was available,
the most popular of these being the R&D Systems adiponectin ELISA (general
Methods 2.4.1.1).The R&D kit makes use of antibodies raised against human
adiponectin and so allows for the direct determination of plasma levels of the
protein. The ALPCO kit still employs the same sandwich enzyme technique
typical of the ELISA assay, but also allows for the measurement of all of the

multimeric complexes by adopting selective proteases to digest the molecule
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into its varying molecular weights. Also reported in this study is the
performance of the Mercodia ELISA assay for the determination of total
adiponectin concentrations in human samples (general methods 2.4.1.2). It is
a new addition to this line of ELISA assays. It employs the same sandwich
enzyme technique as the other two assays in which two monoclonal antibodies
are directed against separate antigenic determinants on the adiponectin
molecule, but like the R&D systems product only allows for the determination

of total adiponectin concentrations.

It has become common practice (if finance allows) for researchers in this field
to measure both the total and HMW species and to express these as a ratio to
one another. The advantage of the ALPCO ELISA method is the ability to
measure total concentrations of the molecule as well as the various forms of
adiponectin by utilising the same standards and the same protocol. Therefore
one is able to determine a more realistic analysis of the adiponectin
distribution in a given sample. This is a more reliable way of determination as
opposed to using one method for measuring total adiponectin and another for
HMW adiponectin measurement. This is important as some studies (Magkos et
al, 1995; Bluher et al, 2007) report differences in the ability of commercially
available assays for total adiponectin. This is likely due to the variable
specificity of the different antibodies used for each adiponectin isoform
(Magkos et al, 1995). However, at times it may be the case that total
adiponectin has already been measured on a data set in the past, with a kit,
that at the time, only allowed for the measurement of total adiponectin, and
as it has become common practice to now include a ratio incorporating the
HMW adiponectin measurement, a different kit now needs to be employed for
this purpose. Therefore we need to determine whether these two kits

correlate to one another.

By comparing the total adiponectin concentrations obtained from the ALPCO
and Mercodia kits to the adiponectin concentrations rendered from the R&D
Systems kit, we could examine whether the kits correlated and whether the

three kits produced similar results.
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4.3.2 Principle

We had a sample set from the EarlyBird® Cohort (Murphy et al, 2008) which
had previously been analysed for total adiponectin in the original cohort,
using the R&D Systems ELISA method. When the ALPCO and Mercodia kits
became available we measured total adiponectin on the same sample set
using these kits.

We measured total adiponectin on a subset of 75 serum samples from the
EarlyBird Cohort, using the ALPCO diagnostics ELISA method and the Mercodia
adiponectin ELISA method. Results from these tests were then compared to
the previously determined total adiponectin concentrations measured using
the R&D Systems ELISA method.

® The EarlyBird study involves 300 schoolchildren and their families. It is a 12-year diabetes study to find which factors
in childhood lead to the development of diabetes later in life. The study gathered unique data on the factors that
underlie the early development of diabetes/heart disease (physical activity, energy expenditure, dietary choices and
body composition), the influence of those factors on the insulin resistance that underlies disease and the impact of
insulin resistance on the markers of disease as children grow and mature (http://www.earlybirddiabetes.org/
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4.3.3  Study Subjects and Methods

Blood collection, storage and analysis

The collection of these samples started in 2000 and continued right up
until 2008. The method for blood collection has been documented
elsewhere (Murphy et al, 2008). In short, children attended a hospital-
based outpatient facility at 0800-0900 after an overnight fast of at least 10
hours. Venous blood was collected into Vacutainer Tubes (BD Vacutainer
Systems: Becton, Dickinson and Company) and delivered to the laboratory
within 2 hours. After centrifugation (1500¢g for 10 min), samples for the
original Earlybird cohort study were either analysed straight away or
stored at -20°C. When samples were transferred to our laboratory they
were stored at -80°C.

For the purpose of this study and due to financial constraints (high price of
ALPCO kits), eighty samples were chosen randomly from the Earlybird
cohort study. This set consisted of samples from 40 volunteers each with
two visits. However not all volunteers were able to attend both visits,
therefore there were 75 samples available for analysis. Total adiponectin

concentrations were measured using the:

1. R&D systems ELISA method (General Methods 2.4.1.1)
2. Mercodia adiponectin ELISA method (General Methods 2.4.1.2)
3. ALPCO diagnostics ELISA method (General Methods section 2.4.2).

All available data was analysed.
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Statistical analysis

Medians were calculated using an Excel spreadsheet. Dr. Paul Welsh
advised on calculating out P- values and correlation coefficients. The
Wilcoxon Matched-Pairs Signed-Ranks Test (Chapter 2) was used to
establish p-values and the Spearman’s rank Correlation Test (Chapter 2)
was used to establish p -values. The website for IFA statistics was used for
these tests (http://www.fon.hum.uva.nl/Service/Statistics.html).

Calculations were based on the book by Fleiss in 1986.
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4.3.4 Results

Table 4.3 illustrates medians, 25 percentiles and 75t percentiles for
total adiponectin measurements on the three kits (R&D systems, Mercodia
and ALPCO Diagnostics). On average the concentrations of total
adiponectin measured on the ALPCO kit were lower than when measured

with the other two kits.

Table 4.4 summarises statistical analysis of comparisons between the R&D
systems ELISA and the ALPCO Diagnostics ELISA. There is a highly
significant difference between total adiponectin concentrations measured
in the same set of samples on the R&D kit and those obtained from the
ALPCO Diagnostics kit (p< 0.0001). The data set rendered a correlation
coefficient of 0.89 and this was a highly significant correlation (p<
0.0001).

Table 4.5 summarises statistical analysis of comparisons between the R&D
systems ELISA and the Mercodia ELISA method. There is a highly significant
difference between total adiponectin concentrations measured in the
same set of samples on the R&D kit and those obtained from the Mercodia
kit (p< 0.0001). The data set rendered a correlation coefficient of 0.83
and this was a highly significant correlation (p< 0.0001).

Figure 4.2 illustrates a Bland Altman plot of the means of the log-
transformed concentrations measured on the R&D and ALPCO kits vs. the
difference between the log-transformed concentrations rendered from
each of these kits. There is a suggestion of a slight negative bias such that

levels are proportionately lower as adiponectin concentrations increase.

Figure 4.3 illustrates a Bland Altman plot of the means of the log-

transformed concentrations measured on the R&D and Mercodia kits vs.
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the difference between the log-transformed concentrations rendered from

each of these kits.

Table 4.3: Summary of Data from Total Adiponectin Concentrations

Measured on 80 Samples With the R&D Systems ELISA Assay, the ALPCO

Diagnostics ELISA Assay and the Mercodia ELISA Assay.

Median (pug/mL)

R&D Systems

10.48
IQR
(8.41-13.89)

Alpco Diagnostics

7.37
IQR
(6.27-9.08)

Mercodia

9.86
IQR
(8.17-12.07)

Abbreviations for table 4.3: IQR, Inter-quartile range.
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Table 4.4: Comparison of Total Adiponectin Measurements Taken

From the R&D Systems Kit and the ALPCO Diagnostics Kit.

R&D Systems vs. ALPCO

Wilcoxon matched-pairs signed-
ranks test

p< 0.0001

Spearman’s rank correlation
coefficient

p = 0.89, p< 0.0001

Table 4.5: Comparison of Total Adiponectin Measurements Taken

From the R&D Systems Kit and the Mercodia Kit.

R&D Systems vs. Mercodia

Wilcoxon matched-pairs
signed-ranks test

p< 0.0001

Spearman’s rank correlation
coefficient

p = 0.83, p< 0.0001
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Figure 4.2: Bland Altman Plot Illustrating the Means of the Logged Adiponectin Values from the R&D and ALPCO Kits vs. the Difference
Between the Logged Adiponectin Values Rendered from Each Kit
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Figure 4.3: Bland Altman Plot Illustrating the Means of the Logged Adiponectin Values from the R&D and Mercodia Kits vs. the
Difference between the Logged Adiponectin Values Rendered from Each Kit
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4.3.5 Discussion

In order to make comparisons between large epidemiological studies,
researchers need to be sure that the different commercial kits available
for analyte measurement are comparable to one another. This study
tested three commercially available ELISA kits for the determination of
human adiponectin. Two of the kits (R&D and Mercodia) allow only for
the measurement of total adiponectin and the third kit (ALPCO
diagnostics) allows for the determination of all forms of the molecule, by
use of selective proteases. The performance of the ALPCO and R&D Kkits
from this study has been published in the Journal of Clinical
Endocrinology & Metabolism (Sattar et al, 2008) and presented in
chapter 5 of this thesis.

In the comparison between all of the kits there are highly significant
differences in the concentrations of total adiponectin measured. On
average, the R&D systems kit renders the highest values (8.41-13.89)
followed closely by the Mercodia kit (8.17-12.07) and the ALPCO
diagnostics kit (6.27-9.08) giving the lowest values. This may be due, in
part, to the extremely high sample dilution factor (1:5151) used in the
ALPCO methodology compared to the R&D (1:100) and the Mercodia
(1:101) kits. There is more chance for error in the ALPCO methodology
too, as the dilution requires two dilution steps whereas the other two
methods described in chapter 2 only require a single dilution step. This
may also explain the slight negative bias seen in figure 4.2, where at
higher levels of adiponectin concentrations, the difference in values
between the kits is proportionately larger. With this noted however, it is
reassuring to report that the ALPCO and R&D kits were as closely ranked
(p =0.89) as the R&D and Mercodia kits (p =0.83). The very strong
correlation coefficient factors suggest that there is a very good

correlation between all kits, and although there may be differences in
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the absolute concentrations, as long as this difference is consistent,
comparisons between kits is good. It must be mentioned that Mercodia
approached our laboratory after reading the journal article on the
comparisons between the ALPCO diagnostics and R&D systems kits
(Sattar et al, 2008). Mercodia were keen to validate their new total
adiponectin ELISA. We agreed to assist and in doing so were given

permission to publish the results in this thesis.
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Chapter V - High Molecular Weight
Adiponectin and Incident Coronary
Heart Disease: Findings from a

prospective Case Control Study
Nested within the British Women'’s
Heart and Health Study.

5.1 Introduction

In recent years, literature on the relationship of circulating levels of
adiponectin to incident vascular events has attracted a lot of attention.
The adipocyte derived hormone, adiponectin, has apparent anti-
inflammatory (Gervois et al, 2007) and insulin sensitising properties
(Kadowaki et al, 2006) therefore attracting considerable interest from
research groups involved with CVD risk markers. Adiponectin has been
shown to display a negative relationship with BMI, CRP and triglycerides,
as well as a positive strong relationship with HDL-cholesterol (Figure 5.1)
(Wannamethee et al, 2007). Whilst there is consistent evidence that high
levels of adiponectin are associated with lower risk for incident diabetes
(Lindsay et al, 2002; Wannamethee et al, 2007), it remains unclear
whether high adiponectin levels are associated with lower risk for CHD
events. One of the first studies to publish results on the relationship of
adiponectin with CHD noted that high levels of total adiponectin were
independently associated with lower risk for incident myocardial events
(Vozarova et al, 2002). However since then other prospective studies
have not been consistent. Our group showed no significant association of

total adiponectin with incident CHD events in the British Regional Heart
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study (BRHS), and in a subsequent meta-analysis of 7 prospective studies
involving a total of 1318 CHD cases; including results from the British
Women’s Heart and Health Study (BWHHS) (Figure 5.2) (Sattar et al,
2006). Therefore, at present it is still unclear whether circulating levels

of adiponectin are related to risk for incident vascular events.

Adiponectin is known to circulate in a number of different multimeric
forms within our body, including a low, middle and high-molecular
weight species. From recent data, it is thought that the latter HMW
adiponectin species is the biologically active form of the molecule. HMW
adiponectin has been shown to be better associated with insulin
sensitivity than total adiponectin (Hara et al, 2006), be more strongly
associated with incidence for diabetes (Nakashima et al, 2006), and it is
also thought that the HMW moiety may be key to the vascular protective
properties of the molecule, because it has been shown to be strongly
linked to protection against endothelial cell apoptosis (Kobayashi et al,
2004). From this evidence, it is possible that the HMW form rather than
the total adiponectin is more relevant to the risk for incident CHD
events. Studies of this nature are still lacking. Until recently, the
measurement of HMW adiponectin on a given sample was costly, complex
and labour intensive. However, although still expensive, the introduction
of an ELISA method for determination of separate adiponectin fractions
has made it easier to measure HMW adiponectin on larger sample sets.
Due to funding constraints we were not able to measure HMW
adiponectin on all of the BWHHS samples and so we carried out a nested
case control study taking baseline samples from women with subsequent
CVD events and randomly selected control women of a similar age who
did not suffer a CVD event.
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Figure 5.1: Graphs Showing the Relationship of Adiponectin with Various

Parameters in Humans.
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Abbreviations for figure 5.1: CRP, C reactive protein; HDL-C, High
Density Lipoprotein Cholesterol; HOMA-IR, Homeostasis Model

Assessment; TG, Triglyceride.
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Figure 5.2: Figure Showing the 7 Prospective Studies of Circulating
Concentrations of Adiponectin and CHD Risk.
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5.2 Principle
Our aim was to test whether HMW adiponectin was better associated

with risk for incident vascular events than the previously reported total
adiponectin from the original BWHHS (Lawlor et al, 2005).

5.3 Study Subjects and Methods

Blood collection, storage and analysis

The BWHHS is a prospective cohort study of 4,286 women randomly
selected from 23 British towns between 1999 and 2001 and who were
aged 60-79 years at baseline (Lawlor et al, 2002). The prospective case
control study and end-point ascertainment nested within this cohort and
used herein has been previously described (Lawlor et al, 2005). Briefly,
women with CHD at baseline were excluded, and incident cases of CHD
were identified through medical records and death registration up to
January 2004. An incident case was defined as either of (i) death with an
underlying or contributing cause of CHD (ICD10 codes 120-125, 151.6); (ii)
a myocardial infarction (WHO criteria), first diagnosis of angina or
coronary artery by-pass or angioplasty. There were 167 incident cases of
CHD (101 non-fatal and 66 fatal). Two controls were randomly selected,
within 5-year age groups of the cases, from women without CHD at the
baseline assessment. The BWHHS has Local- and Multi-Centre Research
Ethics Committee (LREC and MREC) approvals and all participants
provided written informed consent for their medical records to be

reviewed.

Baseline blood samples were taken after a minimum six-hour fast. HMW

adiponectin was measured by an ELISA on EDTA plasma samples (ALPCO
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Diagnostics) (General methods section 2.4.2). This ELISA has been
validated against the “gold standard” conventional fractionation, with
excellent reported correlations (p = 0.94 to 0.97) between methods
(http://www.alpco.com/pdfs/47/Human%20Multimeric%20Adiponectin%2
ODetails.pdf). The intra-assay CV was 6%. Since we had previously
measured total adiponectin in the same cohort by a different ELISA (R&D
systems, UK) (General methods section 2.4.1.1), we assayed total
adiponectin by the ALPCO method in a subset of 80 samples and
compared this measurement to the results obtained two years previously
using the R&D ELISA method: a correlation of r = 0.89 between methods
was noted despite blinded measurements, conducted several months
apart with different dilutions. These results concur with our findings that
the R&D and ALPCO kits are well correlated for total adiponectin
measurement in serum samples (chapter 4.3). Repeated sample freeze

thaw did not influence HMW adiponectin values (chapter 3.2).

Methods for insulin, glucose, lipid levels and C-reactive protein and
homeostasis model assessment of insulin resistance (HOMA-IR) have been
detailed previously (Lawlor et al, 2002). All blood samples were taken
between 08.00 and 18.00 with the time of sampling (to nearest minute)
recorded. Levels of total adiponectin and HMW adiponectin did not vary

by time of day of sampling (data not shown).

Statistical analysis

Associations of continuous covariables with HMW adiponectin and total
adiponectin were assessed using Spearman’s rank correlation
coefficients.

Correlation coefficients are presented for the entire sample (cases and
controls combined) as there was no evidence of these associations

differing by case-control status. Differences between cases and controls
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were assessed using an unpaired t-test for continuous variables and chi-
squared test for categorical variables. Multiple logistic regression was
used to assess the association of HMW adiponectin with CHD with
adjustment for covariables. For positively skewed variables (HMW
adiponectin, total adiponectin, CRP, glucose, insulin, HOMA-IR scores
and triglycerides), geometric means and their 95% confidence intervals
were used. Logged values were used for regression models. HMW
adiponectin and total adiponectin were entered as continuous variable
(natural logs) in these regression models. Regression coefficients for
logged exposure variables are difficult to interpret and for this reason
the effect estimates were expressed as the risk ratio of CHD for a
doubling of HMW adiponectin or total adiponectin. Non-linear
associations of quarters of the HMW adiponectin distribution were
explored first as a series of three indicator variables and then as a
continuous score and computing a likelihood ratio test comparing these
two nested models. We repeated our analyses using conditional logistic
regression and found the same results. All analyses were conducted in

Stata version 9.0 (StataCorp., Texas).

5.4 Results

Of the randomly selected samples, one control did not have a baseline
sample and therefore data was available for 167 cases and 333 controls.
Table 5.1 shows the correlation of HMW with total adiponectin, giving an
r =0.75. Also from table 5.1 we can see both HMW adiponectin and total
adiponectin were inversely associated with waist to hip ratio, fasting
insulin, glucose, HOMA-IR, CRP and triglyceride levels and positively

associated with HDL-c levels.

The 95% confidence interval levels of HMW adiponectin were not
different between cases 4.07 (3.64, 4.55) yg/ml and controls, 4.17
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(3.90, 4.47) pg/ml, where p = 0.7. As previously reported by Lawlor et al
in 2005, cases had a higher fasting insulin, glucose, HOMA-IR, LDL-c and
lower HDL-c. Triglyceride levels and systolic and diastolic blood pressure
were similar. However hypertension and smoking were greater and use

of HRT less at baseline in cases compared with controls.

In a multivariable analysis we found no association between HMW
adiponectin and incident CHD (Table 5.2). The age-adjusted relative risk
ratio for CHD for a doubling of HMW adiponectin was 0.96 (0.78, 1.18)
(Table 5.2) and adjustment for any confounders did not alter this (model
2 and 3, Table 5.2).

Figure 5.3 shows the effect of HMW adiponectin by quarters of its
distribution and from our examination we found no evidence of any

linear or non-linear associations.

There was also no association of the ratio of HMW adiponectin:total
adiponectin with CHD risk: age-adjusted relative risk per doubling of the
ratio 1.10 (0.80, 1.50).
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Table 5.1: Correlation of High Molecular Weight Adiponectin and Total
Adiponectin with Measures of Adiposity, Insulin, Glucose and Lipid Levels
in British Women aged 60-79 Years.

Spearman rank correlations
HM W adiponectin p total adiponectin p
HMW - 0.75 < 0.001
BMI -0.12 0.008 -0.20 < 0.001
WHR -0.26 < 0.001 -0.32 < 0.001
Insulin -0.35 <0.001 -0.41 < 0.001
Glucose -0.11 0.01 -0.20 < 0.001
HOMA-IR -0.30 < 0.001 -0.38 < 0.001
CRP -0.17 0.002 -0.20 < 0.001
HDL-C 0.37 <0.001 0.44 <0.001
Triglyceride -0.34 < 0.001 -0.42 < 0.001

Abbreviations for Table 5.1: HMW, High Molecular Weight; BMI, Body

Mass Index; WHR, Waist to hip Ratio; HOMA-IR, homeostasis model

assessment of insulin resistance; CRP, C-Reactive Protein, HDL-C, High
Density Lipoprotein C.
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Table 5.2: Multivariable Associations of High Molecular Weight
Adiponectin with Incident Cases of Coronary Heart Disease (N=167 cases

and 333 controls).

Relative risk p linear trend p non linear
ratio (95% association
confidence

interval) for a
doubling of HMW

adiponectin
Model 1: age 0.96
adjusted® (0.78-1.18) 0.71 0.96
Model 2:
confounder 0.98 0.85 0.79
adjusted® (0.79-1.21)
Model 3:
adjusted for 1.01 0.89 0.88
confounders (0.81-1.24)
and potential
mediators®

@ Model 1: Adjusted for age (continuous in years)

P Model 2: as model 1 plus adult social class (4-level categorical

variable entered as a score-1 parameter) smoking (3-level categorical

variable entered as a score-1 parameter) and physical activity (3-

level categorical variable entered as a score-1 parameter)

¢ Model 3: as model 2 plus, waist:hip ratio systolic blood pressure,

fasting levels of high density lipoprotein, triglyceride (logged),

glucose (logged), insulin (logged) and CRP (logged) (all continuous

variable)
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Figure 5.3: Proportion (%) of Women with Incidence Coronary Heart Disease
(cases) by Quarters of the Distribution of High Molecular Weight Adiponectin.

The first quartile incorporates the bottom quarter of adiponectin values (i.e. those individuals
having the lowest circulating adiponectin levels). The fourth quartile incorporates those
women with the highest circulating levels of adiponectin. If there was a significant link
between protection against CHD and levels of adiponectin, we would expect to see a linear
relationship with those in the first quartile having a significantly higher incidence of CHD %

than those in the fourth quartile. There is no evidence of any linear relationship here.

P for trend = 0.71
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30
Incident X in
CHD %
25 7 T
20 |
15

Quarters of HMW adiponectin distribution




Chapter 5: High Molecular Weight Adiponectin and Incident Coronary Heart Disease 138

55 Discussion

A journal article on these findings has been published in the Journal of Clinical
Endocrinology & Metabolism (JCEM) (Sattar et al, 2008) and includes the
following contributing authors: Sattar N, Watt P, Cherry L, Ebrahim S, Davey
Smith G, Lawlor DA (included in this thesis in appendix 4).

Our findings go against a clear link between HMW adiponectin and risk of
incident vascular events. In line with our findings, Halperin et al reported no
link between %HMW or total adiponectin and a vascular risk surrogate
(endothelium-dependent vasodilation) in offspring of diabetic parents (Halperin
et al, 2005). More interestingly, recent evidence suggests that higher
adiponectin levels may actually predict higher risk for CVD mortality in the
general population (Laughlin et al, 2007). HMW adiponectin predicts higher risk
of mortality in patients with heart disease (Tsutsamoto et al, 2007), findings
consistent with the observation by McEntegart et al in which they also reported
a positive correlation between circulating adiponectin levels and BNP
(McEntegart et al, 2007). In recent published literature (Kizer et al, 2008), it
was demonstrated that higher levels of adiponectin predict increased risk of
first ever CHD in older adults (inclusive of men and women). This latter study
includes a large number of incident vascular events with good attention to
potential confounders. These data suggest adiponectin and indeed its fractions

have a complex relationship with vascular disease.

An editorial by Sattar and Nelson (Sattar et al, 2008) suggests reverse causality
for the link between higher levels of adiponectin and the higher risk of CVD
mortality. The editorial puts forward the notion that silent or clinically
apparent vascular disease could lead to compensatory rises in adiponectin.
Indeed adiponectin is thought to dampen the early phases of macrophage
inflammatory responses, acting to inhibit the growth of myelomonocytic
progenitor cells and decrease the ability of mature macrophages to respond to
activation (Yokota et al, 2000; Gervois et al, 2007). This inhibited functioning
of macrophages results in a reduced uptake of oxidised LDL, and this in turn

inhibits foam cell formation. This is vital in fighting the onset of
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atherosclerosis. Sattar and Nelson also mention the positive correlation
adiponectin exhibits with BNP in patients with chronic heart

failure, as well as those without, and alternately it could be that a rise in BNP
may link silent ischemia or vascular disease to higher adiponectin levels. In line
with this McEntegart and colleagues (McEntegart et al, 2007) recently proposed
the idea that the high levels of adiponectin in those with heart failure or acute
coronary syndrome may represent a salvage mechanism to improve insulin
resistance and fatty acid metabolism, thereby attempting to counteract
metabolic or vascular stress (Sattar et al, 2008). If this was indeed true, then
an investigation into the link between adiponectin levels and mortality risks in
those with chronic vascular disease should be a good indicator of the validity of
these suggestions. One such study (Dekker et al, 2008) has touched on the
subject and its findings point to a positive correlation between these two

parameters.

Finally, although we expected the correlation between HMW adiponectin and
HOMA-IR score to be greater than between total adiponectin and HOMA-IR given
its apparent increased association with insulin sensitivity (Nakashima et al,
2006; Lawlor et al, 2005), this was not so in our study. Similar results have also

been observed by other researchers (Retnakaran et al, 2007).

There may be possible limitations to our study that merit discussion. We
understand that our study cannot be extrapolated to men and other ethnic
groups and larger studies are needed to corroborate our null result, although
the adjusted result of 1.01 (0.81, 1.24) for incident CHD events with a doubling
of HMW adiponectin is close to unity (Sattar et al, 2008). Some may argue that
using kits from two different suppliers for the measurement of total and HMW
adiponectin may affect our results. However, although our method for
determination of HMW adiponectin is fairly new, we believe it to be robust. It
should be noted that Bluher et al questioned the robustness of this method in
their report (Bluher et al, 2007). Their study included 60 women who spanned
glycaemia thresholds and reported no association of total adiponectin by the
ALPCO method with two other methods for total adiponectin, with their p value

being reported just as non significant with no value assigned. They also noted
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no association of either total or HMW adiponectin with fasting insulin levels (p =
-0.09, and p = -0.04 respectively, both non-significant). Our study, by contrast,
included 500 women without diabetes, and found the HMW fraction to correlate
nicely with the total adiponectin (p = 0.75, p<0.001) using different methods
for determination. Furthermore the total adiponectin measurement using the
ALPCO kit correlated with the R&D ELISA on a subset of 80 samples (p = 0.89,
p<0.001), even though the tests were done blinded and two years apart. In
addition, the HMW fraction correlated with fasting insulin (-0.35, p<0.001) and
with other metabolic parameters in the expected fashion (Table 5.1). Other
groups have used gold standard techniques such as velocity sedimentation
technique to report similar correlations between total and HMW adiponectin.
For example Halperin et al (Halperin et al, 2005) reported a correlation of p
=0.72 between %$HMW and total adiponectin. Also, the ALPCO method has been
validated against more conventional methods for adiponectin fractionation
including immunoblotting and velocity sedimentation technique, and has been
shown to perform well. Finally, others (von Eynatten et al, 2007; Hara et al,
2006) have used larger sized cross-sectional studies than that published by
Bluher and colleagues, to show good performance of kits and a correlation to
insulin sensitivity and related parameters. Therefore our null findings are
unlikely to be due to methodological issues, although clearly more work in this

area is required.

In conclusion, despite evidence to suggest that the HMW form of adiponectin is
the biologically active form of the molecule, our results go against a significant
inverse association between HMW adiponectin and incident CHD events. The
findings from this study do however further support the notion that circulating
adiponectin has a stronger association with diabetes than with vascular disease.
Uncertainty still lies with the role adiponectin plays in vascular disease and
more studies are required to investigate further.
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Chapter VI - Serial Changes in
Adiponectin and BNP in ACS Patients:
Paradoxical Associations with Each Other
and with Prognosis

6.1 Introduction

As mentioned previously throughout this thesis, adiponectin has been shown
to have the unusual property of correlating inversely with markers of
adiposity. It has also been suggested to possess anti-inflammatory properties
(Ouchi et al, 2007) and in line with this may protect cardiac tissue and
increase inflammatory dampening thereby limiting the occurrence of

atherogenesis (Ouchi et al, 2006).

Despite adiponectin’s clear link to lower diabetes risk, its relationship to CHD
is not clear. An initial study linked low levels of adiponectin to increased risk
of CHD events in healthy men (Pischon et al, 2004), however a recent meta-
analysis suggested a more modest association with CHD (Sattar et al, 2006).
Further to this, studies in people with prevalent heart failure or acute
coronary syndromes show that high plasma levels of adiponectin are
associated with greater disease severity (Nakamura et al, 2006; McEntegart et
al, 2007) and with higher risk of adverse outcome (Tsutamoto et al, 2007;
Kistorp et al, 2005; George et al, 2006; Cavusoglu et al, 2006). These studies
highlight the complexity of the relationships adiponectin displays with regard
to health and disease within the body. Circulating adiponectin concentrations
may represent both a protective or theoretically harmful signal depending on

the context.

Brain natriuretic peptide (BNP), now known as B-type natriuretic peptide (also
BNP) is a 32 amino acid polypeptide secreted by the ventricles of the heart in
response to excessive stretching of heart muscle cells (cardiomyocytes). BNP
was originally identified in porcine brain and thereby got its name, but in
humans it is found mainly in cardiac ventricles. BNP and its inactive N-
terminal metabolite NT-proBNP (released in 1:1 ratio during processing) are

sensitive markers of cardiac overload and are markers of prognosis in those
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with CHF (Clerico et al, 2004). Baseline NT-proBNP and BNP have positive
correlations with adiponectin in those with prevalent CHF and CAD (Nakamura
et al, 2006; McEntegart et al, 2007; Tsutamoto et al, 2007; Kistorp et al,
2005; George et al, 2006; Cavusoglu et al, 2006; Clerico et al, 2004; von
Eynatten et al, 2006; Tanaka et al, 2008). In particular the recent Atherogene
study showed that baseline adiponectin predicted risk of poor outcome in CHF
independent of conventional risk factors, but not independent of BNP
(Schnabel et al, 2008).

To further investigate the potential pathological link between BNP and
adiponectin, we examined in 442 ACS patients the inter-relationship of
circulating adiponectin and BNP both at baseline and at a 7 week follow up
(338 patients) with adverse outcomes at 10 months to determine whether
change in either parameter was a better predictor of adverse events than a
single measurement. Changes in concentrations of adiponectin over time were

also investigated to see if they correlated with changes in BNP over time.

6.2 Materials and Methods

6.2.1 Study population

442 Caucasian patients with the diagnosis of ACS (between August 2004 and
November 2006) were consecutively recruited at Ninewells Hospital, Dundee.
Patients were recruited if they presented within 72 hours after the onset of
ischemic discomfort and included those diagnosed with (Cnop et al, 2003) ST
elevation MI (STEMI); ST elevation >1mm in 2 limb leads or >2mm in leads V1-
V6 or new left bundle branch block, (Lafontan et al, 2006) Non ST segment
elevation MI (NSTEMI); no ST elevation on ECG despite elevated Troponin T
>0.01 ug/mL, (Ouchi et al, 2007) Unstable angina; ischaemic chest pain
lasting more than 30 minutes with no evidence of myocyte necrosis or ST
elevation. Ethical approval was obtained from the Tayside Committee of
Medical Research Ethics and all participating subjects gave written, informed
consent. The research was carried out in accordance with the Declaration of
Helsinki. During the ACS admission, the patients underwent the following

clinical procedures:
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(1) Clinical history and risk factor analysis.
(2) Evaluation of admission Killip class defined as follow:

« Killip class I: No clinical signs of heart failure.

« Killip class Il: Rales or crackles in the lungs, an S3 gallop, and elevated
jugular venous pressure.

« Killip class lll: Frank acute pulmonary oedema.

- Killip class IV: Cardiogenic shock or hypotension (measured as systolic BP
lower than 90 mmHg), and evidence of peripheral vasoconstriction (oliguria,
cyanosis or sweating).

(3) ECG: presence of absence of ST deviation (>1.0 mm).

(4) Bedside BNP assay.

(5) Laboratory tests: admission haemoglobin, eGFR using the modification of
diet in renal disease equation and serum Troponin-T level.

(6) Bedside echocardiography: LV systolic dysfunction (LVSD) defined as LVEF
<45% (Simpson’s biplane method) and left ventricular hypertrophy (LVH)

assessment.

6.2.2 Echocardiography

Transthoracic echocardiography was performed by one trained operator using
an

Acuson (Sequia 512) imaging system with a 3V2C transducer. The scan was
performed with the patient lying in the left lateral position at approximately
45%.

6.2.3 Left ventricular hypertrophy assessment

Patients were studied with two-dimensional guided M-mode echocardiography
in standard views. All measurements were made according to the American
Society of Echocardiography (ASE) recommendation at end diastole, taken as
the onset of QRS complex. The leading edge to leading edge convention was
used to measure interventricular septal thickness, left ventricular internal
diameter and left ventricular posterior wall thickness. Measurements were
made over at least 3 separate cardiac cycles and the average taken. Left

ventricular mass was calculated according to the formula of Devereux et al.
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0.80 (ASE left ventricular mass) + 0.6 (Devereux et al, 1986) and indexed to
body surface area to give a left ventricular mass index (LVMI). Left ventricular
hypertrophy was defined as LVMI greater than 95g/mzin females and greater

than 115 g/mz2in males in accordance to ASE guidelines (Lang et al, 2005).

6.2.4 Left ventricular systolic function assessment

Quantitative assessment of LV systolic function was made using the modified
biplane Simpson’s method to calculate a LVEF. Three measurements from
successive cardiac cycles were made in the two chamber and four chamber
views. LVSD was defined as an LVEF < 45%.

6.2.5 Blood sample collection and analysis

Samples were collected by venipucture into EDTA vacutainer tubes or serum
clot accelerators. One EDTA vacutainer of blood sample was kept at room
temperature and analysed for BNP within 4 hours of the draw time. Whole
blood was analysed with the triage BNP assay (Biosite, USA) as reported
previously (Morrison et al, 2002). The inter-assay CV was 8.8% at 71.3 pg/mL
and 11.6% at 4088 pg/mL. The detection limit was 5 pg/mL. An
electrochemilumninescent immunoassay approved for quantitative
measurement of Troponin T was provided by Roche Diagnostics and run on
Roche Modular E170 unit. At 0.06 ug/L a CV of 10% is achievable and the
detection limit was 0.01 ug/L. Blood samples for adiponectin or other non-
routine analyte measurement were spun at 2000g for 15 min and the serum or
plasma layers were aliquoted within 4 hours, snap frozen, and stored at -
80°C. Total plasma adiponectin was analysed using a commercially available
kit (R&D systems, Oxon, UK). The inter-assay CV for the adiponectin assay was
less than 8%. The same methods were used for samples at follow-up

measurements.

6.2.6 Follow-up Measurements

7 weeks after baseline admission, an attempt was made to re-examine
patients with a full ECG, trans-thoracic echocardiography to assess LVEF, and

routine blood tests including repeat bedside BNP and freezing of plasma
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samples (average time of follow-up 52 + 17 days). Of the 442 baseline patients
(of whom 90 experienced adverse outcomes (detailed below) by 10 months),
433 were still alive, and 338 consented to continuing participation in the
study at 7 weeks (of whom 51 experienced adverse outcome by 10 months). In
relating BNP and adiponectin levels to risk of outcome we used all 442
baseline patients for whom measurements were obtained, and the 338 patient

samples available to us from the 7 week measurement

6.2.7 End points

The end point of death from any cause, readmission with ACS or admission
with congestive heart failure (CHF) was evaluated at 10 months (265.79 +
80.31 days). Information on end points was collected from telephone
interviews with patients or patient relatives, hospital database and patients
case notes. The definition of readmission with ACS is as described above.
Congestive heart failure was defined as hospitalization for a clinical syndrome
involving at least 2 of the following: paroxysmal nocturnal dyspnoea,
orthopnoea, elevated jugular venous pressure, pulmonary crackles, third
heart sound and cardiomegaly or pulmonary oedema on chest X-Ray. These
clinical signs and symptoms must have represented a clear change from the
normal clinical status, requiring intravenous diuretics, inotropic support or

vasodilator therapy.

Statistical analysis

Continuous variables are summarized as median and 25th and 75th percentile.
For discrete variables, absolute and relative frequencies per category are
given. Variables were logarithmically transformed to obtain normal
distributions, with tertiles of adiponectin generated. Inter-group differences
were assessed by chi squared test or analysis of variance. Spearman
correlation coefficients are reported. The association of adiponectin with
adverse outcome was examined in different binary logistic regression models,
first a univariate model, then in a model adjusting for classical risk factors, a
third model additionally adjusted for baseline BNP and a fourth model for 7
week BNP. Goodness of fit of the models was tested by Hosmer-Lemeshow.

Statistical significance was determined at p <0.05.
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6.3 Results

6.3.1 Baseline characteristics

In the complete patient group the median BNP level at baseline was 154
pg/ml (inter-quartile range [IQR] 53-336), and the median baseline
adiponectin level was 6.76mg/ml (IQR 4.16- 10.82). With continuous analyses,
the baseline correlation between BNP and adiponectin was p = 0.32,
(p<0.001).

Table 6.1 illustrates baseline characteristics of the patients according to
tertiles of adiponectin concentration. As expected, age increased across
tertiles of adiponectin (p for trend <0.001). Some other major cardiovascular
risk factors showed inverse associations with adiponectin including proportion
of male gender (p<0.001), BMI (p<0.001), and total cholesterol (p=0.07) while
HDL cholesterol increased across tertiles (p<0.001). Blood pressure, presence
of hypertension, diabetes, or smoking habit showed no significant association
with adiponectin levels. Haemoglobin levels and kidney function (eGFR)
decreased across adiponectin tertiles (p<0.001). Among clinical measures, left
ventricle ejection fraction (p<0.001) decreased, and sub-optimal prognosis

according to Killip class increased (p=0.004) with increasing adiponectin.

6.3.2 Changes in adiponectin and BNP from baseline to7
weeks

The median BNP level at 7 weeks was lower compared to baseline at 94pg/ml
(IQR 36-198) and the median adiponectin level was 5.49mg/ml (IQR 3.48-
8.99). With continuous analyses the 7 week correlation between BNP and
adiponectin was p =0.33, (p<0.001). Overall change in adiponectin and BNP
levels between baseline and 7 week follow up for the whole patient group are
shown in Fig 6.1 a and b respectively. As can be seen from these figures both
the change in adiponectin and BNP were near-normally distributed, with the
former being slightly left-skewed and the latter right-skewed (skewedness
statistic -1.22 and 1.80 respectively). For both biomarkers there was a spread

of patients with either increases or decreases in either marker over the 7
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week interval. Figure 6.2 (with both markers log-transformed to normality)
demonstrates a significant correlation between changes in BNP versus change
in adiponectin. Indeed the correlation (p =0.39, p<0.001) was at least as
strong as the baseline and 7 week correlations between parameters noted

above.

6.3.3 Associations of baseline adiponectin and BNP with

adverse outcome

In unadjusted models, baseline adiponectin showed a borderline significant
association with outcome: OR 2.06 (95% Cl 0.92-4.63) p=0.08 (Table 6.2a).
Adjusting for classical risk factors (including clinical parameters) attenuated
the association (OR 1.63 [0.54 - 4.93]). Subsequent adjustments for BNP levels
attenuated the association of baseline adiponectin with risk to near unity. As
seen in Table 6.2b however, BNP remained significantly associated with poor
outcome in every adjustment model, even after adjusting for baseline
adiponectin (OR 3.26 [1.54 - 6.91]).

6.3.4 Associations of 7 week adiponectin and BNP wi  th adverse

outcome

Among those who survived the first 7 weeks following ACS and who consented
to further study, the association between 7 week adiponectin and risk of poor
outcome was not considerably different to the association seen at baseline,
and none was significant, perhaps due to reduced power with fewer
observations (Table 6.2a).In contrast, the association of 7 week BNP with risk
of poor outcome was substantially stronger, and was independent of classical
risk factors, and independent of 7 week adiponectin (OR 6.84 [2.54 - 18.45])
(Table 6.2b).
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6.3.5 Associations of change in adiponectin and BNP with

adverse outcome

Change in adiponectin (Table 6.2a), appeared somewhat more strongly linked
to risk for adverse outcome than either baseline or 7 week adiponectin. For
change in adiponectin the unadjusted OR was 5.42 (2.78 - 10.55), and
attenuated to OR 3.99 (1.79 - 8.92) with adjustment for classical markers, and
to OR 3.17 (1.29 - 7.78) with additional adjustment for change in BNP. Change
in BNP was not itself independently associated with adverse outcome in the
latter model, suggesting change in adiponectin was the stronger marker. Since
change in adiponectin and 7 week BNP appeared to have the strongest
independent associations with outcome, we included both markers in same
multivariable model to test whether 7 week BNP could explain the association
of change in adiponectin with prognosis. After doing this, change in
adiponectin was no longer associated with risk for adverse outcome (OR 1.13
[0.27 - 4.92]), but 7 week BNP measurement remained significantly associated
(OR 5.90 [1.04 - 32.94]).
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Table 6.1: Association between admission adiponectin levels (divided into

thirds) and baseline characteristics of ACS patients (n=442 with

adiponectin measurement)

Characteristic Bottom third 0.48-

4.85pg/mL (n=147)

Middle third 4.86-8.94
85ug/mL (n=148)

Top third 8.95-35.40 p-value*
85pg/mL (n=147)

Age 60 (12) 66 (11) 69 (11) <0.001
Sex Male/Female n (%) 125/22 (85/15) 98/50 (66/44) 77/70 (52/48) <0.001
Systolic blood pressure _
y P 130 (115-150) 131 (118 - 130) 128 (110 - 147) 0.23
(mmHg)
Diastolic blood pressure B,
P 70 (63-81) 72 (65 - 82) 70 (60 - 80) 0.18
(mmHg)
Total cholesterol
5.12 (4.19-6.08) 4.81 (3.94 -5.95) 4.52 (3.85-5.62) 0.07
(mmol/L)
HDL cholesterol (mmol/L) 1.15 (0.99-1.33) 1.32 (1.11-1.47) 1.50 (1.2 -1.82) <0.001
BMI (kg/m?) 28.0(26.0-31.0) 26.0 (24. - 29.0) 25.0 (22.0-29.0) <0.001
Smoking n (%) Never 46 (31) 57 (38) 52 (35)
Past 41 (28) 44 (30) 52 (35)
Present 60 (41) 47 (32) 43 (30) 0.21
Haemoglobin (g/dl) 15.0 (14.1 -15.8) 14.1 (12.7-14.9) 13.3 (12.1- 14.4) <0.001
eGFR
70 (59-78 _ 61 (51-73 <0.001
(mL/min/1.73m?) (53-78) 66 (52- 75) G1-73)
Troponin T (ng/mL) 0.27 (0.01-1.86) 0.36 (0.06-1.47) 0.31 (0.07-1.43) 0.98
Non ST elevation ACS (%) 69 75 75 0.353
Type 2 Diabetes n (%) 21 (14) 23 (16) 16 (11) 0.48
History of hypertension(%) 61 (41) 71 (48) 74 (50) 0.29
ST deviation on ECG n (%) 73 (50) 68 (46) 71 (48) 0.81
LBBB on ECG n (%) 4(2.7) 5 (3.4) 7 (4.8) 0.63
LV ejection fraction (%) 57 (49-63) 55 (45 - 62) 52 (39 - 61) 0.001
LV Hypertrophy (%) 84 (66) 81 (71) 74 (67) 0.680
Killip class 2,3 or 4 n (%) 8 (5) 13 (9) 25 (17) 0.004
81 (39-216) 152 (44-343) 239 (114-489) <0.001

BNP (pg/mL)

Abbreviations for table 6.1: ACS, Acute coronary syndrome; eGFR, estimated glomerular
filtration rate; LBBB, left bundle branch block; LV, left ventricular.
Data presented are the number (%) of patients or median and 25"/75" IQR for continuous

variables. p-values represent trends across adiponectin third



Table 6.2a Association (Odds ratio) between baseline adiponectin, 7 week adiponectin, and change in adiponectin and collective

adverse outcomes of mortality, heart failure or acute coronary syndrome (n=51) within 10 months of index acute coronary syndrome

events.

Adjustment model Baseline adiponectin 7 week adiponectin Change in adiponectin

Unadjusted 2.06 (0.92-4.63) 2.19 (0.79 - 6.08) 5.42 (2.78 - 10.55)

Classical risk factors 1.63 (0.54 - 4.93) 1.31 (0.33 - 5.27) 3.99 (1.79 - 8.92)

Classical risk factors + 1.18 (0.38 - 3.64) - -
baseline BNP
Classical risk factors + 7 week - 0.74 (0.17 - 3.28) -
BNP
Classical risk factors and - - 3.17 (1.29 - 7.78)

change in BNP

ORs for adiponectin and BNP are for 1 log unit increase in the patient population.
Classical risk factors = Age, sex, BMI, pre-existing hypertension, pre-existing diabetes mellitus, Killip class 2,3 or 4, ST deviation, left bundle branch block, log troponin

on admission, CKD stages 3, 4 or 5, left ventricular systolic dysfunction, smoking status, haemoglobin on admission, total and HDL cholesterol concentrations.



Table 6.2b Association (Odds ratio) between baseline BNP, 7 week BNP, and change in BNP and collective adverse

outcomes of mortality, heart failure or acute coronary syndrome (n=51) within 10 months of index acute coronary

syndrome events.

Adjustment model Baseline BNP 7 week BNP Change in BNP
Unadjusted 4.29 (2.59 - 7.11) 6.73 (3.33 - 13.60) 2.33 (1.13 - 4.82)
Classical risk factors 2.83 (1.35-5.92) 6.54 (2.49 - 17.21) 3.07 (1.25 - 7.53)
Classical risk factors + baseline 3.26 (1.54 - 6.91) - -
adiponectin

Classical risk factors + 7 week - 6.84 (2.54 - 18.45) -
adiponectin

ORs for adiponectin and BNP are for 1 log unit increase in the patient population.
Classical risk factors = Age, sex, BMI, pre-existing hypertension, pre-existing diabetes mellitus, Killip class 2,3 or 4, ST deviation, left bundle branch
block, log troponin on admission, CKD stages 3, 4 or 5, left ventricular systolic dysfunction, smoking status haemoglobin on admission, total and HDL

cholesterol concentrations.



Figure titles

Figure 6.1 (a&b): Dot-plots of the untransformed overall change in
adiponectin and BNP between baseline observations and follow-up

observations 7 weeks later in the patient group.
Figure 6.2: Correlation of change from baseline at 7 weeks follow-up for

adiponectin and B-type natriuretic peptide. Delta values represent (log

follow-up value - log baseline value) for both adiponectin and BNP.

Figure 6.1a
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Figure 6.1b
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6.4 Discussion

A journal article has been published on these findings in Clinical Science
London (Ang et al, 2009) and includes the following contributing authors: Ang
DS, Welsh P, Watt P, Nelson SM, Struthers A, Sattar N (included in this thesis
in appendix 4).

To our knowledge, this is the first study to date to examine the association of
circulating adiponectin and BNP with risk of poor outcome in a group of ACS
patients where serial measurements have been made. Importantly, an
increase in adiponectin 7 weeks after admission was more strongly associated
with risk of adverse outcome than a single measure at either time point - in
other words, if adiponectin levels increased, adverse event risk was greater,
whereas the absolute levels of adiponectin at either time point were less
important. In contrast, 7 week BNP measurement was more strongly
associated with risk, superior to both baseline and change in BNP
measurements. In terms of independent risk prediction, the strongest marker
of risk of adverse events was 7 week BNP, which was associated with risk
independently of change in adiponectin. Finally, although the patterns of risk
associations of these markers are different, these data allow us to show that
following index admission for ACS, BNP and adiponectin associate with each
other at baseline, at follow up, and that change in both markers also
correlate (p =0.39, p<0.001). Our finding of a positive correlation between
baseline circulating BNP and adiponectin, although apparently paradoxical on
the basis of presumed functions of adiponectin, was an expected result based
on previous findings in similar patient groups (Nakamura et al, 2006;
McEntegart et al, 2007; Tsutamoto et al, 2007; Kistorp et al, 2005; George et
al, 2006; Cavusoglu et al, 2006; von Eynatten et al, 2006; Tanaka et al, 2008;
Schnabel et al, 2008). Our finding that 7 week BNP is more strongly related to
adverse outcome than BNP at admission is in agreement with a recent study in
157 CHF patients, where discharge BNP was shown to be strongly associated
with poor outcome (Cournot et al, 2008). We do not propose that our results
definitively answer the question of whether circulating BNP and adiponectin
are or are not clinically useful in prognosis of ACS. Rather, our results may

give insight into the pathophysiology behind increased risk of ACS recurrence,
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CHF, or death following an index ACS event. Our results are suggestive of an
interesting and potentially important pathphysiological pathway which links
an increase in adiponectin to adverse prognosis in a manner not independent
of BNP. Although an observational study cannot imply a causal link, it is
interesting to speculate on the potential relationship of adiponectin and BNP
following ACS. We found that absolute levels of BNP at 7 weeks were the
strongest predictor of prognosis. This makes sense, since levels of BNP
following the settling of acute phase response and/or changes in clinical
therapies after an event will better represent long-term cardiac /vascular
status, and therefore subsequent risk. In contrast to BNP, increasing levels of
adiponectin following index ACS admittance were potentially more strongly
related to risk than baseline or 7 week adiponectin, and yet this relationship
was partially dependant on 7 week BNP in multivariable models. This may be
suggestive of some association between progressive disease severity and
changes in adiponectin (as measured by follow-up BNP). The Atherogene
investigators have very recently shown that the relationship of baseline
adiponectin with risk of death or non-fatal Ml in a group of coronary artery
disease patients is confounded by associations with BNP (Schnabel et al,
2008). Our observations now extend this observation to show that the two
parameters also change in parallel post ACS, such that the risk associations of
adiponectin with risk are dependant on BNP. This provides evidence that
there may be a direct or indirect link between high post ACS BNP and a rise in
adiponectin in those at greatest risk of poor outcome. If there is a link
between the two parameters, are there any clues to mechanisms? Natriuretic
peptides may directly stimulate higher adiponectin levels since a novel
lipolytic and potential lipid-mobilising effect of natriuretic peptides has been
identified (Sengenes et al, 2000). These actions appear to be mediated by
specific adipocyte membrane receptors, which operate via a cGMP-dependent
pathway and they may indirectly stimulate adiponectin production (Sengenes
et al, 2000). Furthermore, infusion of atrial natriuretic peptide (carperitide)
in patients with heart failure leads to increased adiponectin plasma levels
(Tanaka et al, 2008). Alternatively, TNFa (among other pro-inflammatory
cytokines) has been suggested to inhibit adiponectin expression in tissue from
healthy subjects (Bruun et al, 2003; Wang et al, 2006), but perhaps not in

obese subjects (Degawa-Yamauchi et al, 2005). TNFa is known to be elevated
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in conditions such as CHF and ACS (Mizia-Stec et al, 2003), and hence,
speculatively, the inhibitory signal may also be lost in such patients. A recent
attempt at explaining the physiology behind the reverse epidemiology of
adiponectin in patients with ACS and CHF has been made, with the authors
suggesting that elevated levels of adiponectin in these cases represent an
attempt at counter-regulation of systemic inflammation (Rathmann et al,
2000). Although this is a possibility, the additional possible direct cardio-
protective and metabolic roles of adiponectin in ACS and CHF should not be
overlooked. Importantly, adiponectin may directly reduce oxidative ischemia-
reperfusion injury (Shibata et al, 2005; Tao et al, 2007; Gonon et al, 2008),
perhaps alluding to a mechanism whereby elevated BNP, in response to
cardiac injury, induces an adiponectin-mediated cardio-protective response.
Interestingly, this may also be true in silent ischaemia since others have
suggested elevations in BNP may also occur in silent ischaemia (Rana et al,
2006; Struthers et al, 2007), an observation potentially explaining why it is a
better marker than simple echo measures of cardiac dysfunction. Additionally,
from a metabolic viewpoint, ACS and CHF are often considered to be insulin
resistant states, although individuals who are insulin resistant without
cardiovascular complications would be expected to have low levels of
adiponectin. As we recently suggested (McEntegart, 2007), high levels of
adiponectin in those with ACS and CHF may be a reflection of a salvage
mechanism to improve insulin resistance and fatty acid oxidation, perhaps at
a cost of cachexia in some cases. Regardless of mechanisms, greater cardiac
disease severity may lead to a greater cardiological and metabolic salvage
attempt and thus higher adiponectin levels. Alternatively, our speculation
may be misguided and adiponectin may just be a passive marker of other
physiological processes, its actions inhibited by peripheral “adiponectin
resistance.” Limitations of the study require consideration. The group of 442
ACS patients went on to have 90 endpoint events, and follow-up measures are
based on 51 events in 338 patients, which represents a relatively low power
for the study and we cannot discount the possibility of type Il errors.
Nevertheless, our data on baseline associations of adiponectin with age and
female gender (Balion et al, 2008) as well as with BNP (Nakamura et al, 2006;
McEntegart et al, 2007; Tsutamoto et al, 2007; Kistorp et al, 2005; George et
al, 2006; Cavusoglu et al, 2006; von Eynatten et al, 2006; Tanaka et al, 2008;
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Schnabel et al, 2008), and the link to endpoints (Schnabel et al, 2008; Cournot
et al, 2008; Vorovich et al, 2008), is consistent with the literature and suggest
results are externally valid. Further larger studies with serial measures are
required to confirm and expand on the potential mechanistic relationships of
adiponectin, BNP, and cardiac stress. In this study we do not focus on the
potential clinical utility of any measure of adiponectin or BNP in the ACS
clinical setting, but on pathophysiological changes in ACS which may instruct
further clinical studies.

Of additional interest, the use of genetics (e.g. Mendelian randomisation) may
help tease out the whether adiponectin is protective, harmful, or passive for
vascular risk for a variety of patient/cohort groups. In conclusion, we have
shown for first time by using serial measurements that an increase in plasma
adiponectin after ACS is strongly related to risk of adverse outcome, but that
this relationship is not independent of BNP levels. Taken together with
evidence of apparently paradoxical correlations of adiponectin and BNP at
baseline, follow-up, and in overall change following ACS, our results allude to
a potential direct or indirect relationship between adiponectin and BNP post-

ACS that requires further investigation.
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Chapter VII: Discussion

Adiponectin has become a popular molecule for investigation in the ongoing
search for novel risk markers of diseases associated with the metabolic
syndrome. It displays insulin sensitising properties as well as having apparent
anti-inflammatory functions. Although it is predominantly released from fat
cells, its levels are reduced in obese individuals, and the hypothesis is that
mechanisms associated with insulin resistance, such as inflammation or
altered adipocyte morphology may be the reason for this. Since the first
description of the molecule in 1995, the precise role this adipokine plays in
the onset of disease has been difficult to determine, making it such an

exciting molecule for investigation.

Many prospective studies have been carried out to determine the role
adiponectin plays in health and disease, but few have considered the
laboratory aspects. This thesis has tested adiponectin’s robustness in
laboratories and it’s associations with CVD using prospective studies. The
results have shed new insights of potential relevance. The content of this thesis
has highlighted the importance of considering pre-analytical (Results
summarised in table 7.1) and practical variables in large epidemiological and
clinical studies. | have shown that one measurement of adiponectin is sufficient
for use in large epidemiological studies. The reproducibility in measurement of
this molecule is good and the biological variation is minimal compared to some
of the other inflammatory cytokines. From our studies, freeze/thaw cycles do
not affect adiponectin concentrations; we recommend further investigation on
this. Results from studies involving varied blood processing times and
temperatures revealed no significant difference in samples left un-separated at
both room temperature (23°C-25°C) and in the cold room (4°C -7°C) for up to
6 days. | have validated the use of citrated plasma samples on a commercial
ELISA (R&D systems adiponectin assay) in our lab, and have also shown that 3
adiponectin ELISA kits developed by different suppliers correlate well with one
another. This is important for the comparison of results between studies that
have employed different commercial kits for adiponectin analysis, although
some absolute differences suggest the same assay should be used throughout

any individual study.



Table 7.1 Overview of pre-analytical variables for total and HMW adiponectin measurement.

Sample Type Accuracy Sample Processing Freeze-thaw
Use in Use in Intra Assay  Inter Assay Absolute Correlations Absolute Correlations
Serum? Plasma? cv cv Values Stable? Stable? Values Stable? Stable?

Fridge Bench Fridge Bench
(Pilot study/ larger study)

Total Adiponectin + +* < 5% < 7% + + + + +/- .
(Only tested on pilot study)
HMW Adiponectin + + < 5% < 6% ? ? ? ? + +

Variability

R
Coefficient (95% Cl)

0.99 (0.98 - 1.00)

0.96 (0.78-1.18)

* Also validated in this thesis (chapter 4.2) for use with Citrate Plasma

T Data taken from ALPCO Diagnostics SOP for the quantitative, selective determination of high, middle and total molecular weight adiponectin in human

serum or plasma
Data taken from Sattar et al, 2008
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With regards to the clinical studies, our published work as presented in detail

herein has shown that:

I. HMW adiponectin is not predictive of CHD events.

II. Adiponectin change post ACS correlates with change in BNP and
elevations in both parameters predict incident events, with BNP
associations potentially mediating adiponectin’s link to incident

events.

This work therefore extends current knowledge on both laboratory aspects of

adiponectin and its associations with vascular disease, although of course, |

have not examined causal mechanisms but merely reported associations.

Further work

1.

Ideally it would be useful to extend on our laboratory data by
validating the ALPCO HMW adiponectin ELISA against the gold standard
method (ultracentrifugation) on a large set of samples (Ideally n>100)

to confirm our findings.

Further work is required to examine the relationship between HMW

adiponectin and CHD. Although our study found no link between HMW
adiponectin and risk of incident vascular events, a larger prospective
study (therefore offering more statistical power) is needed to confirm

our findings.

. Although research into not mentioned in this thesis, it is still very

important to note that underlying genes may be responsible for the
relationships reported in several studies. Whether future studies using
genetic variations in adiponectin concentrations help determine causal

pathways, remains to be proven.
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Appendix 1

Manufacturers and suppliers of reagents, hardware and software

1. Reagents and kits

All R & D kits

R & D Systems Europe Ltd

19 Barton Lane

Abingdon Science Park
Abingdon

0OX14 3NB

United Kingdom

Tel: +44 (0) 1235 529449

Fax: +44 (0) 1235 533420
Email: info@RnDSystems.co.uk

All ALPCO Diagnostics kits

Diagenics Limited
South House 3

Bond Avenue
Bletchley

Milton Keynes

MK1 1SW

United Kingdom
Tel: 01908 376376
Fax: 01908 376375
Email:cs@alpco.com

Mercodia Kits

Head office in Uppsala, Sweden:
Sylveniusgatan 8A

SE-754 50 Uppsala, Sweden

E-mail: info@mercodia.com

Tel: +46 18 57 00 70

Fax: +46 18 57 00 80

Netherlands Contact: Mattias Gareskog
E-mail: mattias.gareskog@mercodia.se
Tel: +46 18 57 00 77



2. Equipment

Hamilton Diluter (Microlab 500 series)
Scientific Laboratory Supplies Ltd
Unit 17

Coatbridge Business Centre

204 Main Street

Coatbridge

Lanarkshire

ML5 3RB

United Kingdom

Tel: (01236) 431857

Fax: (01236) 431050

Email: info@scientific-labs.com

Multiskan Ascent Plate Reader and Ascent Software, Denley minimix
Plateshaker and Gilson pipettes and Multichannel pipette.
Thermo Life Sciences

Unit 5

The Ringway Centre

Edison Road

Basingstoke

Hampshire

RG 21 6YH

Tel: (01256) 817282

Fax: (01256) 817292

Website: www.thermols.com

Blood Bottles (Vacutainers)

BD

The Danby Building

Edmund Halley Road, Oxford Science Park
Oxford

0X4 4DQ

United Kingdom

Tel: +44 1865 748844

Fax: +44 1865 717313

Email: bdukvacutainer@europe.bd.com
Website: www.bd.com/uk

Versa max Plate reader

Molecular Devices Ltd

Unit 135, Wharfedale Road

Winnersh

Wokingham

Berkshire

RG41 5RB

Tel: 0118 944 8000

Fax: 0118 9448001

Website: www.moleculardevices.com



Appendix 2

Calculation of Biological CV

Total CV = Total intra-person variation (12.9%)
Methodological CV = Intra-assay CV (4.07%)

Biological CV = Total CV - Methodological CV
1 - Total CV

= 0.129 - 0.0407
1- 0.129

= 0.0883
0.871

= 10.14 %



Appendix 3
Kit Inserts

R&D Systems ELISA for total adiponectin
determination

Mercodia ELISA for total adiponectin
determination

ALPCO Diagnostics ELISA for total, HMW, MMW
and LMW adiponectin determination



Quantikine”

Human Total Adiponectin/Acrp30 Inmunoassay

Catalog Number DRP300
SRP300

PDRP300

For the quantitative determination of total human Adiponectin
concentrations in cell culture supernates, serum, and plasma.

This package insert must be read in its entirety before using this product.

FOR RESEARCH USE ONLY.
NOT FOR USE IN DIAGNOSTIC PROCEDURES.
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INTRODUCTION

Adiponectin, alternately named Adipocyte complement-related protein of 30 kDa (Acrp30),
adipoQ, adipose most abundant gene transcript 1 (apM1), and gelatin-binding protein of 28 kDa
(GBP28), is an adipocyte-specific, secreted protein with potential roles in glucose and lipid
homeostasis. Circulating Adiponectin levels are high, accounting for approximately 0.01% of total
plasma protein (1 - 4). Adiponectin contains a modular structure that includes an MN-terminal
collagen-like domain followed by a C-terminal globular domain with significant sequence and
structural resemblance to the complement factor C1q (1, 5, 6). Although they share little
sequence identity, similar three-dimensional structure and certain conserved amino acid residues
suggest an evolutionary link between the C1q-like domain of Adiponectin and members of the
TMF superfamily (7). Adiponectin assembles into different complexes including trimers (low
molecular weight), hexamers (middle molecular weight), and higher order oligomeric structures
{high molecular weight) that may affect biological activity (1, 7, 8). Adiponectin is induced during
adipocyte differentiation and its secretion is stimulated by insulin (1, 9). Two receptors for
Adiponectin, termed AdipoR1 and AdipoR2, have been cloned (10). Although functionally distinct
from G-protein-coupled receptors, the genes encode predicted proteins containing 7
transmembrane domains. AdipoR1 is highly expressed in skeletal muscle, while AdipoR2 is
primarily found in hepatic tissues.

Injection of Adiponectin into non-obese diabetic mice leads to an insulin-independent decrease in
glucose levels (11). This is likely due to insulin-sensitizing effects involving Adiponectin regulation
of triglyceride metabolism (11). A truncated form of Adiponectin (gAdiponectin) containing only
the C-terminal globular domain has been identified in the blood, and recombinant gAdiponectin
has been shown to regulate weight reduction as well as free fatty acid oxidation in mouse muscle
and liver (2, 12). The full-length recombinant Adiponectin protein is apparently less potent at
mediating these effects (2, 12). The mechanism underlying the role of Adiponectin in lipid
oxidation may involve the regulation of expression or activity of proteins associated with
triglyceride metabolism including CD36, acyl CoA oxidase, AMPK, and PPARy (12 - 14).

Although Adiponectin-regulation of glucose and lipid metabolism in humans is less clear, similar
mechanisms may also be in place (15). A negative correlation between obesity and circulating
Adiponectin has been well established (6, 16, 17), and Adiponectin levels increase concomitantly
with weight loss (18). Decreased Adiponectin levels are associated with insulin resistance and
hyperinsulinemia, and patients with type-2 diabetes are reported to exhibit decreased circulating
Adiponectin (19, 20). Thiazolidinediones, a class of insulin-sensitizing, anti-diabetic drugs,
elevate Adiponectin in insulin-resistant patients (21). In addition, high Adiponectin levels are
associated with a reduced risk of type-2 diabetes (22). Using magnetic resonance spectroscopy it
has been demonstrated that intracellular lipid content in human muscle negatively correlates with
Adiponectin levels, potentially due to Adiponectin-induced fatty acid oxidation (15).

Adiponectin may also play anti-atherogenic and anti-inflammatory roles. Adiponectin plasma
levels are decreased in patients with coronary artery disease (20). Furthermore, neointimal
thickening of damaged arteries is exacerbated in Adiponectin-deficient mice and is inhibited by
exogenous Adiponectin (23). Adiponectin inhibits endothelial cell expression of adhesion
molecules in vitro, suppressing the attachment of monocytes (24). In addition, Adiponectin
negatively regulates myelomonocytic progenitor cell growth and TNF-o production in
macrophages (25, 26).



The Quantikine Human Total Adiponectin Immunoassay is a 4.5 hour solid-phase ELISA
designed to measure total (low, middle, and high molecular weight) human Adiponectin in cell
culture supernates, serum, and plasma. It contains NS0-expressed recombinant human
Adiponectin and has been shown to accurately quantitate the recombinant factor. Results
obtained using natural human Adiponectin showed linear curves that were parallel to the
standard curves obtained using the Quantikine kit standards. These results indicate that the
Quantikine Human Total Adiponectin kit can be used to determine relative mass values for
naturally occurring Adiponectin.

PRINCIPLE OF THE ASSAY

This assay employs the quantitative sandwich enzyme immunoassay technique. A monoclonal
antibody specific for the Adiponectin globular domain has been pre-coated onto a microplate.
Standards and samples are pipetted into the wells and any Adiponectin present is bound by
the immobilized antibody. After washing away any unbound substances, an enzyme-linked
monoclonal antibody specific for the Adiponectin globular domain is added to the wells.
Following a wash to remove any unbound antibody-enzyme reagent, a substrate solution is
added to the wells and color develops in proportion to the amount of Adiponectin bound in the
initial step. The color development is stopped and the intensity of the color is measured.

LIMITATIONS OF THE PROCEDURE

. FOR RESEARCH USE ONLY. NOT FOR USE IN DIAGNOSTIC PROCEDURES.

« The kit should not be used beyond the expiration date on the kit label.

« Do not mix or substitute reagents with those from other lots or sources.

. If samples generate values higher than the highest standard, dilute the samples with the
appropriate Calibrator Diluent and repeat the assay.

« Any variation in standard diluent, operator, pipetting technique, washing technique,
incubation time or temperature, and kit age can cause variation in binding.

. This assay is designed to eliminate interference by soluble receptors, binding proteins,
and other factors present in biological samples. Until all factors have been tested in the
Quantikine Immunoassay, the possibility of interference cannot be excluded.



MATERIALS PROVIDED

Cat. # Cat. #
Description Part # DRP300 SRP300

Adiponectin Microplate - 96 well polystyrene microplate
(12 strips of 8 wells) coated with a mouse monoclonal antibody BO251T 1 plate & plates
against the Adiponectin globular domain.

Adiponectin Conjugate - 21 mLvial of mouse monoclonal
antibody against the Adiponectin globular domain conjugated to 892518 1 vial 6 vials
horseradish peroxidase with preservatives.

Adiponectin Standard - 500 ng/vial of recombinant human
Adiponectin in a buffered protein base with preservatives; 892519 1 vial 6 vials
lyophilized.

Assay Diluent RD1W - 11 mL'vial of a buffered protein base

with preservatives. 895117 1 vial 6 vials
Calibrator Diluent RD5-5 - 21 mLvial of a buffered protein base - cal
with preservatives. 895485 1 via G wvials
Calibrator Diluent RD6-39 - 21 mL/vial of a buffered protein ) .
base with preservatives. 895824 3 vials 18 vials
Wash Buffer Concentrate - 21 mU/vial of a 25-fold concentrated 205003 1 vial 6 vial
solution of buffered surfactant with preservatives. via Vidis
Color Reagent A - 12.5 mLfvial of stabilized hydrogen peroxide. 895000 1 vial 6 vials
Color Reagent B - 12.5 mLfvial of stabilized chromogen - cal
(tetramethylbenzidine). 835001 1via 6 vials
Stop Solution - 6 mLivial of 2 N sulfuric acid. 895032 1 vial 6 vials
Plate Covers - Adhesive strips. S 4 strips 24 strips

DRP300 contains sufficient materials to run an ELISA on one 96 well plate.
SRHP300 (SixPak) contains sufficient materials to run ELISAs on six 96 well plates.

This kit is also available in a PharmPak (R&D Systems, Catalog # PDRP300). PharmPaks
contain sufficient materials to run ELISAs on 50 microplates. Specific vial counts of each
component may vary. Please refer to the literature accompanying your order for specific vial
counts.



STORAGE
Unopened Kit | Store at 2 - 8° C. Do not use past kit expiration date.
Diluted Wash Buffer
Stop Solution

Assay Diluent RDAW
Calibrator Diluent RD5-5

Calibrator Diluent RD6-39 May be stored for up to 1 month at2 -8 C.*
Opened/ -
Reconstituted | Conjugate
Reagents Unmixed Color Reagent A

Unmixed Color Reagent B

Standard

Return unused wells to the foil pouch containing the
Microplate Wells desiccant pack, reseal along entire edge of zip-seal.
May be stored for up to 1 month at 2 - 8° C.”

*Provided this is within the expiration date of the Kkit.

OTHER SUPPLIES REQUIRED

« Microplate reader capable of measuring absorbance at 450 nm, with the correction wavelength set
at 540 nm or 570 nm.

« Pipettes and pipette tips.

« Deionized or distilled water.

« Squirt bottle, manifold dispenser, or automated microplate washer.

« 500 mL graduated cylinder.

- Test tubes for serial dilution.

« Human Total Adiponectin Controls (optional; available from R&D Systems).

PRECAUTIONS
Calibrator Diluent RD6-32 contains sodium azide which may react with lead and copper plumbing to
form explosive metallic azides. Flush with large volumes of water during disposal.

The Stop Solution provided with this Kit is an acid solution. Wear eye, hand, face, and clothing
protection when using this material.

SAMPLE COLLECTION AND STORAGE

Cell Culture Supernates - Remove particulates by centrifugation and assay immediately or aliquot
and store samples at < -20° C. Avoid repeated freeze-thaw cycles.

Serum - Use a serum separator tube (SST) and allow samples to clot for 30 minutes before
centrifugation for 15 minutes at 1000 x g. Remove serum and assay immediately or aliguot and store
samples at = -20° C. Avoid repeated freeze-thaw cycles.

Plasma - Collect plasma using heparin or EDTA as an anticoagulant. Centrifuge for 15 minutes at
1000 x g within 30 minutes of collection. Assay immediately or aliquot and store samples at < -20° C.
Avoid repeated freeze-thaw cycles.

MNote: Citrate plasma has not been validated for use in this assay.



SAMPLE PREPARATION

Serum and plasma samples require a 100-fold dilution. A suggested 100-fold dilution is 10 uL
sample + 990 uL Calbrator Diluent HDE-39.

REAGENT PREPARATION

Bring all reagents to room temperature before use.

Wash Buffer - If crystals have formed in the concentrate, warm to room temperature and mix
gently until the crystals have completely dissolved. Dilute 20 mL of Wash Buffer Concentrate
into deionized or distilled water to prepare 500 mL of Wash Buffer.

Substrate Solution - Color HReagents A and B should be mixed together in equal volumes
within 15 minutes of use. Protect from light. 200 plL of the resultant mixture is required per well.

Adiponectin Standard - Reconstitute the Adiponectin Standard with 2.0 mL of Calibrator
Diluent RD5-5 (for cell culfure supemate samples) or Calibrator Diluent RD&-39

(for serum/plasma samples). This reconstitution produces a stock solution of 250 ng/mL. Mix
the standard to ensure complete reconstitution and allow the standard to sit for a minimum of
15 minutes with gentle agitation prior to making dilutions.

Pipette 200 pL of Calibrator Diluent RD5-5 (for cell culture supemate samples) or Calibrator
Diluent RDE-39 (for serum/plasma samples) into each tube. Use the stock solution to produce
a dilution series (below). Mix each tube thoroughly before the next transfer. The 250 ng/mL

standard serves as the high standard. The appropriate Calibrator Diluent serves as the zero
standard (0 ng/mL).

200l 200pL  200upL 200wl 200ul

250 125 62.5 31.2 15.6 7.8 3.9
ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL



ASSAY PROCEDURE

Bring all reagents and samples to room temperature before use. It is recommended
that all samples, controls, and standards be assayed in duplicate.

1.  Prepare all reagents, working standards, and samples as directed in the previous
sections.

2. Remove excess microplate strips from the plate frame, return them to the foil pouch
containing the desiccant pack, and reseal.

3. Add 100 pL of Assay Diluent RD1W to each well.

4. Add 50 pL of Standard, control, or sample* per well. Cover with the adhesive strip
provided. Incubate for 2 hours at room temperature. A plate layout is provided to record
standards and samples assayed.

5. Aspirate each well and wash, repeating the process three times for a total of four washes.
Wash by filling each well with Wash Buffer (400 uL) using a squirt bottle, manifold
dispenser, or autowasher. Complete removal of liquid at each step is essential to good
performance. After the last wash, remove any remaining Wash Buifer by aspirating or
decanting. Invert the plate and blot it against clean paper towels.

6. Add 200 uL of Adiponectin Conjugate to each well. Cover with a new adhesive strip.
Incubate for 2 hours at room temperature.

7. Repeat the aspiration/wash as in step 5.

8. Add 200 ulL of Substrate Solution to each well.
For cell culture supernate samples: Incubate for 20 minutes at room temperature.
For serum/plasma samples: Incubate for 30 minutes at room temperature.
Protect from light.

9. Add 50 uL of Stop Solution to each well. The color in the wells should change from blue to
yellow. If the color in the wells is green or if the color change does not appear uniform,
gently tap the plate to ensure thorough mixing.

10. Determine the optical density of each well within 30 minutes, using a microplate reader set
to 450 nm. If wavelength correction is available, set to 540 nm or 570 nm. If wavelength
correction is not available, subtract readings at 540 nm or 570 nm from the readings at
450 nm. This subtraction will correct for optical imperfections in the plate. Readings made
directly at 450 nm without correction may be higher and less accurate.

*Serum/plasma samples require dilution. See Sample Preparation section.



ASSAY PROCEDURE SUMMARY

1. Prepare reagents, samples, and
standards as instructed.

<

2. Add 100 pL Assay Diluent RD1W to each well.

<

3. Add 50 pL Standard, control or sample* to each well.
Incubate 2 hours at RT.

4

4, Aspirate and wash 4 times.

o

5. Add 200 pL Conjugate to each well.
Incubate 2 hours at RT.

\V/

6. Aspirate and wash 4 times.

N

7. Add 200 pL Substrate Solution to each well.
Protect from light.

¥ N

Serum/Plasma samples: Cell Culture Supernate samples:
Incubate 30 minutes at RT. Incubate 20 minutes at RT.

8. Add 50 uL Stop Solution to each well.
Read at 450 nm within 30 minutes.
2 correction 540 or 570 nm

*Serum/plasma samples require dilution.
See Sample Preparation section.



CALCULATION OF RESULTS

Average the duplicate readings for each standard, control, and sample and subtract the
average zero standard optical density.

Plot the optical density for the standards versus the concentration of the standards and draw
the best curve. The data can be linearized by using loglog paper and regression analysis may
be applied to the log transformation.

To determine the Adiponectin concentration of each sample, first find the absorbance value on
the y-axis and extend a horizontal line to the standard curve. At the point of intersection,
extend a vertical line to the x-axis and read the corresponding Adiponectin concentration.

If the samples have been diluted, the concentration read from the standard curve must be
multiplied by the dilution factor.

TYPICAL DATA

These standard curves are provided for demonstration only. A standard curve should be
generated for each set of samples assayed.

Callbrator Dlluent AD5-5

" E __ng/mL 0.D. Average | Corrected
o 0.011
- 0 0.012 0.2 —
B 0.051
| 3.9 0.051 0.051 0.039
z 1 E 0.092
5 o 7.8 0.100 0.096 0.084
r 0.185
E] | 15.6 0.187 0186 0174
E 0.339
01 F 3.2 0.362 0.351 0.339
E 0.692
» 62.5 0.711 0.702 0.690
o 1.382
- 125 1.401 1.382 1.380
Ll Ll Ll 2484
0.0 250 2.496 2.4B0 2.468
1 10 100 1000
Adlponactin Concantration (ng/mL)
Calibrator Diluent RDE-39
1w
E ng/mlL 0.D. Average | Corrected
C 0.013
L ] 0.014 0.014 e
0.042
1 E 3.8 0.042 0.042 0.028
F 0.068
E 7.8 0.070 0.0659 0.055
3 r 0,132
r 15.6 0.140 0.136 0122
3 o L 0.248
E 3.2 0282 0.265 0.251
» 0.572
C 62.5 0.573 0.573 0.559
L 1.155
125 1175 1.165 1.151
001 T 1 I O 1T I A I W B 1T 2915
P 10 100 1000 250 2.356 2.286 2.272

Adlponectin Concentrallon (ng/mL)



TECHNICAL HINTS

« When mixing or reconstituting protein solutions, always avoid foaming.

« To avoid cross-contamination, change pipette tips between additions of each standard
level, between sample additions, and between reagent additions. Also, use separate
reservoirs for each reagent.

« When using an automated plate washer, adding a 30 second soak period following the
addition of wash buffer, and/or rotating the plate 180 degrees between wash steps may
improve assay precision.

« To ensure accurate results, proper adhesion of plate sealers during incubation steps is
necessary.

« Substrate Solution should remain colorless until added to the plate. Keep Substrate
Solution protected from light. Substrate Solution should change from colorless to
gradations of blue.

« Stop Solution should be added to the plate in the same order as the Substrate Solution.
The color developed in the wells will turn from blue to yellow upon addition of the Stop
Solution. Wells that are green in color indicate that the Stop Solution has not mixed
thoroughly with the Substrate Solution.

PRECISION

Intra-assay Precision (Precision within an assay)
Three samples of known concentration were tested twenty times on one plate to assess
intra-assay precision.

Inter-assay Precision (Precision between assays)
Three samples of known concentration were tested in forty separate assays to assess
inter-assay precision.

Serum/Plasma Assay

Intra-assay Precision Inter-assay Precision
Sample 1 2 3 1 2 3
n 20 20 20 40 40 40
Mean
(ng/mL) 19.8 69.9 143 205 744 157
Standard 1600|240 |6.76 140 |430 |108
deviation
CV (%) 25 34 4.7 6.8 58 6.9

Cell Culture Supernate Assay

Intra-assay Precision Inter-assay Precision
Sample 1 2 3 1 2 3
n 20 20 20 40 40 40
Mean
(ng/mL) 125 45.3 91.5 12.7 471 100
Standard 15 40 [127 |46 100 |280 |6.70
deviation
CV (%) 32 28 5.0 7.9 59 6.7




RECOVERY

The recovery of Adiponectin spiked to levels throughout the range of the assay was evaluated.

Sample Average % Recovery Range
Cell culture media (n=4) 101 88-112
LINEARITY

To assess the linearity of the assay, samples containing and/or spiked with high concentrations
of Adiponectin were serially diluted with the appropriate Calibrator Diluent to produce samples
with values within the dynamic range of the assay.

Cell culturs Heparin EDTA
media Serum plasma plasma
{n:4} |:I'I:-'-1-] {n:4} |:I'I:4:|
. Average % of Expected |04 a9 ag a5
’ Range (%) 101 - 107 92 -103 93-106 86-102
4 Average % of Expected [103 98 9g 96
’ Range (%) 101 - 106 91-101 92 -109 89-104
8 Average % of Expected |103 102 104 o7
i Range (%) 101 - 104 98 - 108 a7y - 107 84 -102
116 Average % of Expected |403 105 104 101
i Range (%) 100-104 96 - 115 103-105 85 -107
SENSITIVITY

Eighty assays were evaluated and the minimum detectable dose (MDD) of Adiponectin ranged
from 0.079 - 0.891 ng/mL. The mean MDD was 0.246 ng/mL.

The MDD was determined by adding two standard deviations to the mean optical density value
of twenty zero standard replicates and calculating the corresponding concentration.



CALIBRATION

This immunoassay is calibrated against a highly purified NS0-expressed recombinant human
Adiponectin produced at R&D Systems.

SAMPLE VALUES

Serum/Plasma - Samples drawn from apparently healthy volunteers were evaluated for the
presence of Adiponectin in this assay. No medical histories were available for the donors used
in this study.

Mean Range Standard Deviation
Sample Type {ng/mL) {(ng/mL) {ng/mL)
Serum (n=60) 6641 865 - 21,424 3665
EDTA plasma (n=35) 5548 1198 - 19,973 3557
Heparin plasma (n=35) 6026 1350 - 20,601 3728

Cell Culture Supernates - Human peripheral blood leukocytes (1 x 108 cells/mL) were
cultured in DMEM supplemented with 5% fetal calf serum, 50 uM -mercaptoethanol, 2 mi
L-glutamine, 100 UW/mL penicillin, and 100 pg/mL streptomycin sulfate. Cells were cultured
unstimulated or stimulated with 10 pg/mL PHA. Aliquots of the cell culture supernate were

removed and assayed for levels of natural total Adiponectin. No detectable levels were
observed.



SPECIFICITY

This assay recognizes recombinant and natural (low, middle, and high molecular weight)
human total Adiponectin. The factors listed below were prepared at 50 ng/mL in Calibrator
Diluents RD5-5 and RDB-39 and assayed for cross-reactivity. Preparations of the following
factors at 50 ng/mL in a mid-range recombinant human Adiponectin control were assayed for
interference. No significant cross-reactivity or interference was observed.

Recombinant Recombinant Recombinant
human: mouse: orcine:

4-1BB Adiponectin MF-o

APRIL CD27 Ligand

BAFF/BLyS CD30 Ligand Recombinant

CcDz7 Fas Ligand rat:

CD30 Ligand LT-a1/p2 TNF-a

CD40 Ligand LT-2/p1

Fas Ligand 0X40 Ligand Othter. ]

GITR Ligand TNF-c ﬁ“‘ e'"g' | c
LIGHT TNF-u (truncated) uman Complement C1q
LT-u1/p2 TRANCE

LTvazﬂﬂ1

O¥40 Ligand

TNF-a

TNF-p

TRAIL

TRANCE

TWEAK

VEGI
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INTENDED USE

Mercodia Adiponectin ELISA provides a mathod for the quantitative determination of human
adiponectin in serum or plasma.

SUMMARY AND EXPLANATION OF THE TEST

Adiponectin is also called: Acmp20 (30 kDa adipocyta complement-ralated protein), GEP2E (Gala-
tin-binding protein), adipod, apM1 (Adiposa most abundant gene ranscript 1) [1, 2].
Adiponectin is an adipocyta-secrated hormone, consisting of 244 amino acids with a molecular
weight of approximataly 30kDa {28-20kDa). It is one of the most abundant proteins in human
blood, with droslating concentrations of 0.5-30 pa'ml, which accounts far approximately 0,01%
of total plasma protein [2].

The protein consists of four domains: one globular C-terminal, one collagen-like M-terminal, one
signaling peptide and ona hyper variable domain. Tha globular domain has significant sequance
and structural similarities to the complement factor C1q [2,3]. The globular domain ako has
structural similaritias to THF-co [3-5].

Adiponectin concentration is reversely assoCiated with type 2 digbates, coronary artery disaasa
and obesity, all togather called the metabolic syndrome. Adiponedin dedeasas blood glucoss
and fres fatty add serumn concentrations and increases insulin sensitivity [7]. Adiponactin has
also bean shown to have anti-inflammatory effects [2].

Adiponectin has been suggestad to exist in differant forms in drculation: monomers, isalated
globular farms (the globular domains), timers, hexamars and larger oligomers [8-11]. Monomers
are believed to assadate in circulation to trimars through the globular domains. Trimers are
assodated to largar oligomers through the collagen-like domain [7].

Howevar, recant studies indicate that adiponectin may not ba prasant in drculation as monomears
or isalated globular forms, but rather in multimanic structuras, The studies hawve shown that the
dominart forme of adiponectin that drculates in human blood are hexamers (LMW) and lager
oligamears (HMW) [&, 12-14]. The LMW adiponectin lavels does not seam to differ betwean insy-
lin sansitive- and insulin rasistant subjects, nor does LMW adiponactin differ bebween men and
women, The indeasad levels of total adiponectin in insulin sensitive subjects and women wera
causad by increased amounts of HMW adiponedtin, Both total and HMW adiponactin showead
significant differances batwesan the insulin sansitive- and irsulin rasistant subjects according to
Lara-Castro at al. 2006 [6].

Saveral isoforms of adiponactin do circulate in blood. It & yet to ba determined whethar all
isoforms are secrated by the adipocytes, whather there is a postiranscriptional assambly of HWMW
adiponectin in blood or wheather the HMW form is secreted and degraded in blood. The individual
metabolic significance of each adiponectin isoform alsa remains unclear [&].



PRINCIPLE OF THE PROCEDURE

Mercodia Adiponectin ELISA is a solid phasa two-site enzvme immunoassay. it & basad on the
sandwich technique in which two maonodonal antibodies are directad against separata antige-
nic daterminants on the adiponactin molecule. During inoubation, adiponadin in the sampla
react with anti-adiponectin antibodies bound to micratitration well. After washing, paroxidasa
conjugatad anti-adiponactin antibodias are added and after the sacond incubation ard a
simpla washing step that ramowes unbounded enzyme labeled antibody, the bound conjugata
is detectad by reaction with 3,3°,5,5 -tetramathylbenzidine (TME). Tha reaction is stopped by
adding acid to give a colorimatric endpaint that is read spectrophotamatrically.

WARNINGS AND PRECAUTIONS

For rasearch usa anly. Mot for usa in diagnostic procedures, Mot for intarmal or
extarnal use in humans or animals.

Thee cortent of this kit and their rasidues must not be allowed to come into contact
with ruminating animal or swina.

The Stop Solution in this kit contains 0.5 M H,50,. Fallow routine precautions for
handling hazardous chemicals.

All patient samples should be handled &s capable of transmitting infections

MATERIAL REQUIRED BUT NOT PROVIDED

Pipettas for 20, 25, 50, 100, 200 and 1200 pl (rapeat pipettes praferred for addition of
enzyme conjugate solution, Substrate TME and Stop Solution)

Beakers and cylinders for reagent praparation

Redistillad water

Microplate reader (450 nim filter)

Plate shaker {The recommendad waladty is 700-900 cycles per minute, orbital movement)

Microplate washing devica



REAGENTS

Each Mercodia Adiponectin ELISA kit (10-1192-01) contains reagents for 96 walls, sufficient for
42 samples and one calibrator curve in duplicate. For larger series of assays, use poolked reagents
from padkages bearing identical kot numbers. The axpiry date for the complate kit is stated on the
outer label. The recommended storage temperature is 2-8°C.

Coatad Plata 1 plate Sowells  Ready for use
(Mousa monoclonal anti-human adiponacting - -wall strips

For unused microtitration strips, reseal the bag using adhesive tape and store at 2-8°C for two
manths.

Calibrators 1, 2,3, 4,5 5 wials 1000l Ready for Usa
(Recombinart human adiponadting
Concantration stated on wial label, Color coded yel low

Calibrator 0 1 wial 5 ml Ready for usa
Color coded yallow

Assay Buffer 1 wial 12 ml Ready for usa
Color coded red

Sample Buffer 2X 1 battle 50 ml

Dilute with 50 ml redistilled watar to make sampla buffer.
Color coded yallow
Storage after dilution: 2-8°C for two months

Enzyme Conjugate 11X 1 wial 12ml Preparation, see below
{Percxidase conjugated mowse monoclonal arti-human adiponecting

Enzyme Conjugate Buffar 1 wial 13 ml Ready for usa

Color codad blua

Wash Buffer 21X 1 battle 40 ml

Dilute with 800 ml redistilled water to make wash buffar
Storage after dilution; 2-8°C for two months

Substrate TMB 1 bottle 22 ml Ready for use
(TMB) Colorless salution

Note! Light sansitive!

Stop Solution 1 wial 7ml Ready for use

0.5M H,30,




Preparation of enzyme conjugate solution

Prepare the naedad volume of anzyme conjugate solution by dilution of Enzyme Conjugate 11X,
{1+ 100 in Enzyme Conjugate Buffer according to the table below. Mix gantly.

When praparing enzyme conjugats solution for the whole plate or if the reagents ana to bie used
within tao months, pour all of the Enzyme Conjugate Buffer into the Ergyme Conjugate 11X
vial.

Enzyme Enzyma

Mumbear of strips Conjugata 11X Conjugate Buffer
12 strips 1 wial 1 wial
& strips 700l 7ml
& strips 500 Smil
4 strips 400 pl 4ml

Storage after dilution: 2-8°C for two months.

SPECIMEN COLLECTION AND HANDLING

Serum

Collect blood by wanipuncture, allow to clot. Separate the serum by centrifugation at 4 300 g for
15 minutes at 2-8°C. Spadmen can be stored at 2-8%C up to 14 days. For longer periods, stora
samples at —20"C. Avoid repeated freezing and thawing.

Plasma

Collect blood by wenipuncture into tubes containing haparin, citrate or ECTA as anticoagulant,
and separate the plasma fraction. Samples can be stored at 2-8%C up to 14 days. For longar
pefcds stora samples at —207C. Avoid repeated freezing and thawing.

PREPARATION OF SAMPLES

Samples should be diluted 17107 v with =ample buffer (20 pl sample + 2,0 ml sample buffar).
Diluted samples can be stored at 2-8"C up to 14 days. Aode! Buffers containing sodium azide
(Wah,) can not be used for sampla dilution.



TEST PROCEDURE
All reagents and samples must be brought to room temperature before use. Prepara a calibrator
curve for each assay run.

1.

[= R TR R

==}

0.
1.
12.

13

Prepara anzyme conjugate solution {according to the table on prasious paga), sampla
buffer, wash buffer and samplas.
Prepare sufficient microplate walls to accommadate Calibrators and samples in duplicate.

. Pipetta 25 pleach of Calibrators and samples into appropriate wells,
. &dd 100 pl of Assay Buffer into each well.
. Incubate on a plate shaker (700-900 rpm) for 1 hour at room temperature {1 8-25%C).

. Wash plate & times with automatic plata washer

or
aspirata the reaction voluma completaly and fill @ach well with 350 pl wash buffar,
Agpirata liquid completaly. Rapeat & times. After final wash, invert and tap the plate firmly
against absorbent papar.

. &dd 100 pl of enzyme conjugate soluticn into each wall.
. Incubate on a plate shaker for 1 hour at room temperature [ 18-25°C).
. Wash plate & times with automatic plate washer

o
aspirate the reaction volume completaly and fill each well with 350 pl wash buffar.
Agpirata liquid completaly. Rapeat & times. After final wash, invert and tap the plate firmly
against absorbent papar.

Add 200 pl Substrate TME into each wall.

Incubate for 15 minutas at room tamparaturs (18-25"C).

Add 50 pl Stop Solution to each well,

Placa the plate on the shaker for approximately 5 seconds to ensure mixing.

Pead optical density at 450 nm and calculate results.

Read within 30 minwutas.

Note! To prevent contamination betwesan tha conjugate and substrate, separate pipettes are
recommendad.

INTERNAL QUALITY CONTROL

Commarcial contrals such as Mercodia Obesity Conitrol kit (10-1241-01) andfor intarnal

sefum pools with low, intermadiate and high adiponactin concentrations should routinely ba as-
sayad as unknowns, and results charted from day to day. It is good |aboratory practice to record
the following data for each assay: kit lot numbear; reconstitution datas of kit components; OD
values for the blank (sample buffar), Calibrators and controls,



CALCULATION OF RESULTS
Computerized caloulation
The concentration of adiponectin is obtained by computerized data reduction of the absorbance for
the Calibrators 1-5 wersus the concantration using cubic spline regression.
Manual calculation
1. Plot the absorbance values obtainad for the Calibrators 1-5 against the adiponactin
concentration on a log log paper and construct a calibrator curea,

2. Read the concentration of the unknown samples from the calibrator curve
3. Multiply the concentration with the dilution factor,

Example of results
Wells Identity A Maan canc. ng'mil 2101 pa'mil
1A-R Calibrator O 0.05%0.056

1C-D Calibrator 1 (5 ng/mi)* 0.10&/0.102
1E-F Calibrator 2 {15 ng/miy* 0.20710.216
1iG-H Calibratar 3 (50 ng/mily* {0.563/0.558
248 Calibratar 4 (150 ng/mly*  1.4771 567
D Calibrator 5 (200 ng'ml)*  2.602/2 681

ZE-F Lnknown 1 03740367 29825 3012
2G-H Unknawn 2 07540758 67178 6.785
348 LInknawn 3 138511373 133340 13467

*Exact concentration indicated on vial label,

Example of calibrator curve
A typical calibrator curve is shawn hera. Do not use this qunve to detarmina actual assay rasults

- 0 -]
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LIMITATIONS OF THE PROCEDURE

As with all diagnostic tests, a definitive diagnasis should not be based on the results of a single
test, but should bs made by a physician aftar all dinical findings have baen evaluated.

Grossly lipemic, icteric or haemolyzed samples do not interfere in the assay.

EXPECTED VALUES
ood pradice dictates that each laboratory establishes its own expacted range of values.

Mercodia Adiponectin ELISA detects LMWHexamer 220kDa) and HMW{O ligomer =420 kDa)
adiponecting as detarminad by size exclusion gal chromatog raphy.

The differant multimaric forme of endogenous adiponectin weare studied and separated in serum
from a healthy individual by a thrae-stap method; ammonium sulphate precipitation followed by
ion exchange and gel filtration chromatog raphy.

With ion exchange chromatography, proteins binds to the matrix with eactrostatic forces causing
separation since differant pratains/isaforms have different total net charges or isoalectric points.
The ion exchange colurmn used was Mono 0 107100GL (GE Healthcare). Triethanolamine buffar
wis usad for eluting the proteins

The isoforms of adiponactin has been shown to have diffarent isoelecric points and post-transla-
tional patterrs [15]. Proline hiydrowylation and ksine hydroxylationfglycosylation are believed to
have great importance on the assambly of the oligomers [12,15].

Fiva clearly distinct peaks ware visibla whan the sarum adiponactin was saparated by ion
exchanga chromatography, indicating that tha sarum adiponactin analyzed prasants at least five
different post-translational patterns, vielding different iscalactric points, see figure 1 balow. Poals
A-E ware furthar analyzad by sizs exclusion gel chromatography to determing the apparant siza of
the multimeric adiponectin forms.

Figure 1 Elution profilke of serum adiponectin from ion axchanga chromatography and as identi-
fied by the Mercodia Adiponedin ELISA. Peak fractiors wera pooled to 4, B, C D and E.



Size exclusion gel filiration chromatography separates protains according to apparant globular
size. Tha gal filtration column that was used was Hiload 16/60 Supardex 200 prep arade (GE
Health care). PBS was usad for eluting the prateins.

Threa dominant mu ttimeric forms wera visible when the serum adiponectin was separated by
size exclusion gel chromatography, with apparent sizes of 230 kDa, 420 kDa and = 600 kDa
respactively, and intarpretad as LMW (hexamer 220 kDa) and HMW {420 kDa and =800 kDA),
sea figure 2 below.

Figure 2 Elution profile of serum adiponectin from size exdusion gl fittration chromato-
graphy and as identified by the Marcodia Adiponedtin ELISA. Each poal (4,8, C, D and E) was
analyzad saparately and together as one poal (Pool).

In conclusion, the serum adiponactin analyzed displayed threa dominant mutiimeric forms
basad on size, and five different forms based on isoelactric points, or tatal net chargas.



PERFORMAMNCE CHARACTERISTICS
Detection limit

Detaction limit is dafined as the Capability of Detection according to 1501 1843 -Part 1. Capability
of Datection shoul be sean as part of 2 method validation, rather than the lowast concentration

that can be measured.

The detaction limitis 1.25 {ng'ml) as determined by tha methodology desaibed in [5011843-

Part4.

Concentration of samples with absorbance below Calibrator 1 should not be calculated, instead
exprassad & less or equal to (=) the concentration indicated on the wial for Caliborator 1.

Recovery
Recovery upon addition is 92-109% (maan 101 %).
Recowery upon dilution is 89-111% (mean 98%).

Hook effect

Thera is no existing hook effect.

Pracision

Each samplewas analyzad in 4 replicatas on 29 diffarent occasions.

Sample Mean valua {ng/ml) Coefficient of variation
within assay % between assay % total assay %
1 9.7 2.0 53 5.5
2 65.9 27 5.0 .2
3 12.0 3.0 58 6.0
Specificity
The following crossreactions have bean found:
Clg = 0.007 %

THF-a ns



CALIBRATION
Adiponectin ELISA is calibrated against a highly purified, fully validated, commerdal adiponectin
preparation, The concentration of adiponactin is axpressed in ng'mil.

WARRANTY

The performance data presented here was obtained using the procedure indicated. Any change or
modification in the procadure net recommended by Mercodia AR may affect the rasults, in which
event Marcodia AR disclaims all warranties expressed, implied or statutory, including the implied
wamanty of merchantability and fitness for usa. Marcodia AB and its authorized distributors, in
such event, shall not be liable for damages indiract of consequential.
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APPLICATION
This azzay is intended for the quantitative, selective determination of High Molecular Weight (FNMW), Mid Molecular
Weight (MMW) and Total Adiponectin in hnman serum or plasma.

INTRODUCTION

Adiponectin is a 244 amino acid protein (one of several known adipocytolines) secreted by the adipocyte. It has been
reported that adiponectin circulates in the blood mn various cligomenc complexes consisting of pmltiple proteins bound
together. These complexes range from dimeric forms to a “bouquet”™ structure of 9 or more proteins. 13 Adiponectin has
been reported to have several physiological actions, such as protective activities against atherosclerosis, improvement of
insulin sensitivity, and prevention of hepatic fibrosis. In recent years, the relationship of these physiclopical actions with
the circulating multimer structure of adiponectin has been attracting wide attention It has been reported recently that the
ratio of high-molecular weight adiponectin in circulation to total adiponectin level of the subject reflects the condition of
disease more clearly than total adiponectin levels alone *5

The structure of adiponectin mmltimers was elucidated recently by selectively separating each adiponectin nmltimer from
Imuman plasma. This led to the discovery of an albumin binding trimer, m addition to the already documented trimer,
hexamer and HMW form. Following a farther report that part of the omltimer form is able to be digested selectively by a
whmpotusqhsﬂnﬁhmamﬁﬂofmmtmmpma“gmﬁe@eﬂmﬁpmﬂmﬁxsﬂaﬂw
measurement of human multimeric adiponectin ” In addition, in order to provide a reference for total adiponectin levels, a
new, simple pretreatment method is utilized. By the proposed method, mmltimeric adiponectin in the serum 15 converted
mainly to a dimer via the addition of an SDS-containing acid buffer (without boiling step). s

ASSAY PRINCTPLES

This kat operates on the principle of a “sandwich™ format enzyme-linked imnmnosorbent assay (ELISA). The specific
antibodies used m the kit are anti-human adiponectin monoclonal antibodies (MoAbs) directed to two 1

epitopes. The specimens are pre-treated as described below, and total adiponectin and individual mmltimers of
adiponectin are determined selectively, directly or indirectly. Multimers of adiponectin are classified into four fractions
with this kat:

1) Total adiponectin fraction: “Total-Ad™ assayed directly on the plate

2y High-molecular adiponectin fraction (equivalent of dodecamer -octodecamer): “HMW-Ad”™-assayed directly
on the plate

3) Middle-molecular adipenectin fraction (equivalent of hexamer): “MMW-Ad™-inferred valve obtained by
subtracting the concentration of HMW-Ad from the combined concentration of MMW-Ad + HMW-Ad

4) Low-molecular adiponectin fraction (equivalent of trimer including albumin binding adiponectin): “LMW-
Ad -inferred value obtained by subtracting the combined concentration of MMW-Ad + HMW-Ad from the
total concentration of Ad.

The microtiter plate wells have been coated with an anti-hnman adiponectin monoclonal antibody. Adiponectin in the
standards and pretreated specimens are captured by the antibody during the first mcubation Afterwards. a wash step
removes all unbound matenial. Subsequently, an anti-homan adipenectin antibody which has been biotin-labeled is added
and binds to the immobilized adiponectin in the wells. After the second incubation and subsequent wash step, HRP-
labeled streptavidin is added. After the third incubation and subsequent wash step, substrate solution is added. Finally,
stop reagent is added after allowmg the color to develop. The mtensity of the color development is read by a microplate
reader.

The absorbance value reported by the plate reader is proportional to the concentration of adiponectin in the sample.

In this kit, pre-treated normal human serum by sample pre-treatment buffer is used as the Calibrator. The sample Pre-
Treatment procedure used in this assay is very important for zood results. It is outlined here briefly, and explained fiwther
in the Assay Procedure section of this insert.

1) *Total-Ad™ assay: Specimens are treated with SDS-containing acid buffer to convert nmltimeric adiponectin
mamly to a dimer form

2) For “HMW-Ad" assay: The protease that selectively digests IMW-Ad and MMW-Ad acts on specimens,
and remaining MW-Ad fraction is treated with SDS-containing acid buffer to convert it to a dimer form.
Upon addition of the SDS-buffer. the digestive reaction of protease 1s stopped.

This Protocol is for Reference Purposes Only.
DO NOT use this copy to run your assay;
use the protocol included with the kit ONLY'.



3) For combined “MMW-Ad” and “HMW-Ad™ assay: The protease that selectively digests cnly LMW-Ad acts
on specimens, and remaining MMW-Ad and HMW-Ad are treated with SDS -containing acid buffer to
convert these fractions to a dimer form Upcen addition of the SDS-buffer, the dipestive reaction of protease is

stopped.
KIT COMPONENTS

Reapent Composition Amount

Wash buffer concentrate Phosphate buffer (pH 7.2) 100 ml = 1 vial

Sample pre-treatment Citrate buffer (pH 3.00 .

buffer containing DS 50 mlx 1 vial

Dilution buffer Phns;fhgtte buffer (pH 7.2) 100 ml x 1 vial
containing BSA

Monoclonal Ab coated Ant-human Adiponectin mouse 1 plat

plate monoclonal Ab coated 96-well plate

- Human serum stablized 1n zample .

Calibrator pre-treatment buffer 0.25 ml = 1 val

Biotin Labeled MoAb Biotin Conjugated antrhuman g oy g 4 yigl
adiponectin

Enzyme-labeled Horsze-radish peroxidase EEFFG ) ml = 1 vial

streptavidin labeled streptavidin

Subsirate (yophilized) O-phenylenediamine 2 vials

Substrate buffer Citrate buffer (pH 5.0) 15 ml x 1 vial
containing H=0z

Stop reagent T7.7% H2804 15 ml x 1 wial

Proteasze I (lyophilized) Protease 1 vial

Proteasze II (lyophilized) Protease 1 vial

Protease buffer Tris buffer (pH 8.0} 50 mlx 1 vial

REAGENT PREFARATION AND STORAGE

Proteases are extremely temperature sensitive. It is crifical that all reagents must be
allowed to reach room temperature prior fo use.

a) Wash buffer
Dilute Wash buffer concentrate with 900ml. purified water. Workang Wash buffer should be stored at 2-10°C.

b)Sample pre-treatment buffer
A white precipitate may form in this vial. This precipitate will be completely dissclved by warming the solution to
room temperature and thoroughly stirring it before use.

c) Dilution buffer
Dilstion buffer is supplied ready-to-use.

d)Monoclonal-antibody coated wells
MoAb coated wells are supplied ready-to-use. The umused strips should be returned to the laminate bag and stored at 2-

10- C.

¢) Working Calibrator
Note: There may be a precipitate in the tube. Allow the solution to stand at room temperature and stir thoroughly
before using. Aveid foaming.
Just prior to use, dilute the Calibrator 1:101 with Dilution buffer and further the senal dilution to create a standard
curve:
This Protocol is for Reference Purposes Only.

DO NOT use this copy to run your assay;
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**Gtandard number 1 iz the Stock calibration material included with the kit,
diluted 1:101. Actual concentration {diluted 1:101) iz found on the val label:
subsequent standards must be calculated from thas value.
Standard Calibration material to | Diluent to add:
numhber: add-
1 150 pl of stock solution 0 pl
2 150 pl of standard 1 150 pl
3 150 pl of standard 2 150 pl
4 150 pl of standard 3 150 pl
5 150 pl of standard 4 150 pl
6 150 pl of standard 5 150 pl
T 150 pl of standard 6 150 pl
8 0 150 i

* The remaining Calibrator should be stored at 2-10°C and the same procedure should be repeated when it is to be
used again

* Since precipitation is temporarily caused when Calibrator is added to Dilution buffer, stir it thoroughly.

*+ The working calibrator should be prepared at the same time as the dilotion after specimen treatment and add the
treated specimen and the worlang calibrator to the MoAb coated wells in succession.

f) Biotin labeled-MoAb
Biotin labeled-MoAb is supplied ready-to-use.
g) Enzyme labeled streptavidin
Enzyme labeled streptavidin solufion iz supplied ready-to-use.
h)Subsirate solution
Just prior to use, reconstitnte the Substrate (lyophilized) by adding 6 ml. of substrate buffer to the substrate vial. The
substrate solution should be used immediately after reconstitution and the remaining solution should be discarded.
i) Stop reagent
Stop reagent is used as it is.
i) Protease solution I
Reconstitute Protease I (tycphilized) by adding 10 ml. of protease buffer to the vial and dissolve completely by mixing
at room temperature for 1 5-30min Protease [ is stable for 2 days at 2-10°C. Freeze below -30°C for extended storage.
E)Protease solution IT
Reconstitute Protease IT (hyophilized) by adding 10 ml. of protease buffer to the vial and dissolve completely by mixing
at room temperature for 13-30 min. Protease IT is stable for 2 days at 2-10°C. Freeze below -30°C for extended storape.

ASSAY FROCEDURE
1) Pretreatment of specimens
Each specimen may be treated by any combination of the pretreatment options below, but separate aliquots nmst be used for
each option. For example. 1f HMW and total adiponectin concentrations are being quantified on the same sample, treat two
ahguots of the sample: one by the “total-Ad™ procedure and one by the “HMW-Ad™ procedure.

~Pre-treatment option 1: For “Total-Ad" assay

Add 100 pl of Protease Buffer (Tris buffer, pH 8.0) and 400 uL of Sample Pre-treatment Buffer to 10 oL of
senum or plasma.
Stir thoronghty (sample ditotion = 1:51).

~Pre-treatment option 2: For combined “MMW-Ad™ and “HMW-Ad" assay

Add 10 ol of Protease Solotion I to 10 ol of seram or plasma and incobate for 200 man at 37= C.
Immediately add 400 oL of Sample Pre-Treatment Buffer.
Stir thoroughty (sample ditution = 1:51).

~Pre-treatment option 3: For “HMW-Ad™ assayAdd 100 iL. of the Protease Solution IT to 10 oL of serum or

This Protocol is for Reference Purposes Only.
DO NOT use this copy to run your assay;
use the protocol included with the kit ONLY.



plasma and incubate for 20 min at 37 C. Immediately add 400 uLi of the Sample Pre Treatment Buffer.
Stir thoroughly (sample dilution = 1:31).

2) Dilution of Pretreated specimens

Further dilute pre-treated specimens 1:101 as follows:

Add 10 uL of the pre-treated specimen cbtained in Steps 1 to 3 (see “Pretreatment of Specimens™) to 1.0 ml Dilution

Buffer (Phosphate Buffer + BSA, pH 7.7). FINAL Sample dilution =1:5151.

* Since precipitation is temporarily caused when a pretreated specimen is added to Dilution buffer, stir
thoroughly.

3) Assay Method

1) Plan your plate confismration. Deternuine how many strips will be needed and remove the excess stnips
from the microtiter plate. Store the remaining strips in the laminate bag.

2) Add 50 L each of the working calibrator and diluted samples to the appropriate wells, according to the
plate confignration.

3) Cover the plate with a plate sealer and incubate for 1 howur at room temperature (20-30 °C).

4) Decant the plate and strike the plate against absorbent towels to remove any excess liguid Do not
introduce absorbent materials into the wells! Wash by adding 350-400 ol. of Wash Buffer to each well
(using a laboratory squeeze bottle, wash mamfold, or antomated plate washer); decant wash buffer and
strike plate agamst absorbent towels to remove residual hgmd Repeat this cycle twice, for a total of 3
washes.

5) Add 50 «L of Bictin-labeled monoclonal antibodies to each well. Cover the plate with a plate sealer and
incubate for 1 hour at room temperature (20230 =C).

6) Bepeat wash step as described in Step 4.

T) Add 50 oL of the Enzyme-labeled streptavidin to each well Cover the plate with a plate sealer and
incubate for 30 min at room temperature (20-30 =C).

8) Repeat wash step as described in Step 4.

9 Add 50 4L of the Substrate soluticn to each well. Protect the plate from light and incubate for 10 oun_ at
room temperatare (20-30 =C).

10) Add 50 oL of the Stop solution to each well

11) Using a microtiter plate reader set to 492 nm_ read the absorbance of each well. Use a reference
wavelength of 600-700 nm if desired.

Proteases are extremely temperature sensitive. It is critical that all reagents must be allowed to
reach reom temperature prior o use.

4) Calculations

Calculate the A absorbance by subtracting the absorbance of the 0 ng/ml. calibrator from those of other calibrators and
diluted samples. Plot the A absorbance of calibrators against the calibrator concentration on log-log or semi-log graph
paper. Draw a smooth curve through these points to construct the calibration curve. Read the concentrations for the
ditution factor (1:3131). Each fracton of Adiponectin pmltimers are calculates as follows.

“Total-Ad™: Concentration of the specimen prepared by Pre-treatment option 1.
s “HMW-Ad": Concentration of the specimen prepared by Pre-treatment option 3.
e “MMW-Ad": Concentration of the specimen prepared by Pre-treatment option 2 (HMW + MMW Ad)
minus the concentration of the specimen prepared by Pre-freatment option 3 (HMW-Ad)
s “TMW-Ad™: Concentration of the specimen prepared by Pre-treatment option 1 (Total-Ad) minns the
PROCEDURAL NOTES
Proteases are extremely temperature sensitive. It is critical that all reagenits must be allowed ta
reach room temperature prior to nse.

1. This kit has been validated for analyzing human seram. EDTA-plasma or heparinized plasma_ Citrated
This Protocol is for Reference Purposes Only.
DO NOT use this copy to run your assay;
use the orotocol included with the kit ONLY.



7.

8
9.

plasma must not be used due to ungualified lower results.
Measurements of different adiponectin species of the same serum or plasma samples MUST be in the
same plate. MO NOT calculate results between different plates.

A calibration curve mmst be run with each azsay. Calibrators and samples shounld be assayed in duplicate.
If the concentration of adiponectin in a specimen exceeds the highest pomnt of the calibration curve range,
Observe all specified reaction times and temperatures outlined in this manual These parameters are
especially important while pre-treating samples with proteases.
EMhtmmMMMMmm&mmeMEMm
the packape insert and used one subsequent time before the
Samphsmmthemp:mqﬂysﬂﬁ&eﬂepof:ﬂiﬁmafﬂtﬂmlepekﬂlmthr&rmﬂa&dﬁdm
the MoAb coated wells.

Do not allow the wells to :iry{mtathedmmgeddmmgﬂmwashmglm)mdme

10. Avoid carrying ot this procedure in direct sunlight.

PERFORMANCE CHARACTERISTICS

L

2.

The absorbance is not less than 0.9 OD when the standard solution (4.8 ng/ml) 15 measured.
Specificity

The cbzerved value is 80-120% of the known concentration when a control specimen of kmown
concentration is used.

R fucibili

The coefficient of variation for observed values is not more than 15% when the same specimens are
measured simultaneously § times.

Range of measurement:

This test kit 1s effective in the range of 0.075 to 4.8 ng/ml. when operated as directed under the sechion
entitled “Assay Procedure™.

WARNINGS AND PRECAUTIONS

L

The human serum contained in the calibrator was tested and found pegatrve for presence of the HBs
antigen, HIV antibody, and HCV antibody, however all specimens should be handled carefully as though
capable of transmitting infection
Stop reagent (7.7% H:S50s) is hazardous and can cause severe bums. In case of eye contact, rinse
immediately with plenty of water, and seek medical advice. In case of contact with skin or clothing, ninse
immediately with plenty of water.

STORAGE OF REAGENTS
The kit reagents should be stored at 2-10-C. DO NOT FREEZE.

EXPIRATION DATE Indicated on the package.

NUMBER OF ASSAYS 96 tests per kat
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2)Pajvani UB, et al : (2003) J. Biol. Chem 278, 907385
3) Tsao TS, et al - (2003) T. Biol. Chem 278, 508 10-7
4)Pajvani UB, et al : (2004) J. Biol. Chem 279, 12 152-62
5) Tonelli I, et al : (2004) Diabetes, 53, 162 1.9
6)Kobayashi EL et al - (2004) Circ. Res. 94, 27-31

7) International Publication Number WO 2005/038457

8) International Publication Number WO 2005/038458

Manufactured By: Dauchi Pore Chemical Toyko, Japan

This Protocol is for Reference Purposes Only.
DO NOT use this copy to run your assay;
use the protocol included with the kit ONLY.
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Endoerine Care—Brief Report

High Molecular Weight Adiponectin Is Not Associated
with Incident Coronary Heart Disease in Older
Women: A Nested Prospective Case-Control Study

MNaveed Sattar, Pauline Watt, Lynne Cherry, Shah Ebeshim, George Davey Smith, and

Debbie A Lawlor

Britishy Huart Foundation Glasgow Cardiovasnuler Ressarch Centro (L5, 2W., LC), University of Glasgow, Glagow G12 814, Scotland,
United Kingdom; Degartment of Epidomiciogy and Population Haalth (5.E }, Londdon Schoal of Hygiane and Tropical Medicing, London

WCIE TME, England, Linited Kingdomy 2nd Medial Rezoanch TCounol Centre of Carsal Analyses in Trarsdational Epidemiclogy 16,005,
DALY, Univorsity of Bristed, Bristod 952 708, nggland Unitod Kinadom

Context: Adiponectin levels appear weakly linked to inddent vascular disease, but the high mo-
lecular weight (HMW) fraction may be more relevant.

Objective: Our objectivewas totestwhether HMW adiponectin, the key biologically active fraction,
is linked to incident coronary heart disease {CHD) events.

Design, Participants, and Main Outcome Measures: 'We assessed the association between HWW
adiponectin (measured by ELISA) and CHD risk in a prospective [d-yr} case-control study nested
within the British Women's Heart and Health Study. All women were postmenopausal.

Setting: Womenwere seen in a primary care setting.

Results: Among both cases {n = 167) and controls {n = 333), HMW adiponectin positively correlated
with age and high-density lipoprotein cholesterol and inversely correlated with waist to hip ratio,
fasting insulin, fasting glucose, homeostasis model assessment for insulin resistance scores, C-
reactive protein, and trighycerides, in similar fashicn to total adiponectin. The age-adjusted relative
risk ratio for a doubling of HMW adiponectin was 0.95 (95% confidence interval, 0.78-1.18), and
adjustment for any of the potential confounding or mediating variables did not substantively alter
this. Additional adjustments for childhood social dass, alcohol consumption, hormone replace-
ment therapy use, statin, aspirin, or blood pressure medication did not alter the null association.
When we examined the effect of HMW adiponectin by quarters of its distribution, there was no
evidence of any associations (P trend = 0.71). There was also no associaticon of the ratio of HMVW
adiponectin to total adiponectinwith CHD risk; age-adjusted relative risk per doubling of the ratic
wias 1.10 {95% confidence interval, 0.80-1.50)

Conclusions: Despite associations with total adiponectin and insulin resistance, our data go against
any apparent association betwesn HMW adiponectin levels and incident CHD events. (J Clin En-
docrinal Metab 93: 1846-1849, 2008)

igh levels of adiponectin are unequivocally associated with
H lower risk of incident diabetes (1-3). High adiponectin
was iminally reported to be independently associated with lower
nsk for incident myocardial events {4). Consequently, its role in
the common =01l hypothesiz was proposed. However, subse-
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quent studies, inclusive of the British Regional Heam Study as
well as 3 metaanalyws of seven prospective studies involving a
total of 1318 coronary heart disease (CHID) cases, did not con-
firm a sigmficant association of adiponectin with nsk for ina-

dent CHD events | odds ratio for top third vs. bottom, (.84, 93%,

Abbreviations: BWHHS, British Wornen's Heart and Health Study; CHD, coronary heart
dissasz O, confdence interval; CRP, C-reacty prabein; HOL-C, high-density kpoprotain-
cholaxiorol; HMW, high molecular weight; HOMAAE, homoostass moded assessment for
nwin  resktaree; HAT, Fomone  replacement  thorapys  [DE,  bowedensity
Epoprotan-cholesdanm.

| Chn Endocringl Metatk. May 2008, 93051 1846-1349
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confidence interval (C1), 0.70-1.01] {5). Mevertheless, because
the high molecular weight (HMW) form of adiponectin appears
oo be 1) better associated with imsulin sensetvity than total adi-
ponectin (61, 2) more strongly associated with lower nsk for
madent diabetes (7], and 3} more strongly linked to protection
apainst endothehial cell apoptosis (8), there 1s 3 need to examine
whether this fraction is related to sk for vascular events.
Using a nested case-comtrol study of the Bricsh Women's
Heartand Health Study (BWHHS), we tested the hypothesis that
higher levels of the HMW rather than total adiponectin (9}
would be assocated with lower nsk of madent CHD events.

Subjects and Methods

The BWHHS is a prospective cohort study of 4286 women randomly
welected from 23 Bratish towns between 1999 and 2001 and who were
aged 60T yr 2t bascline (10). The prospective case-control study and
endpoint ascertainmient nested within this cohort and weed herein has
been previously described (3], Brcfly, an mcident case was defined as
either 1) death with an undeslying or contributing cause of CHD{HCTH O
codes 120-125, 151.6) or 2] a myocardizl infarction {Wordd Health Or-
panixation criteria), first diagnosis of angina, or coronary artery bypass
or anpioplasty. There were 167 inodent cases of CHD {101 nonfatal and
i fatal). Two controls were randomly sclocted, within 3-yr age groups
of the cases, from women without CHD at the baseline aswssment. The
BWHHS has local and multicenter research ethics committee approvals,
and all participants provided writen informed consent for their medical
records to be reviewed.

Bascline blood samples were taken after a minimum £-h fast. HMW
adiponectin was measured by an ELISA (ALPOO Diagnostios, Salem,
MH1 with 3 protease to diges both the low and medivm miodecular weight
fiorms, leaving the HMW form intzct for measurernent (11). This ELISA
has been validated apainst conventional fractionation, with excellent
correfations {1 = .94 -0.97) berwoen methods (hitpofwww. alpoo, oom!
pdfuf 47T Human % 20MulEmeric % 20 Adiponectin ' 1 0Degaile.pdf). The
intraassay coefficent of vanation was 6%, Because we had proviowsly
measurcd tntal adiponeciin in the same cohort by a different FLISA
[R& D Systems, Abingdon, UK} (9], we correlated wotal adiponectin by
the ALTCO and R&D FLISAs in 3 subset of B0 samples; an excellent
corrclation of r = (L8F between methods was noted despice: blinded
measierements, conducted several months 2part wath different dilutions,
Repeated-sample frecee-thaw did not influence HMW  adiponectin
walucs.

Mithods for insuling, glucnse, and Hpids keyvels and C-reactive protein
[CRIM and homeostzsis model assessment of msulin registance {HOMA-
IR} have been detailed previoosty {(10). All biood samples were taken
between 0BD0 and 1800 h with the time of sampling {to negrest minute)
recorded. Levels of total adiponectin and HMW adiponectin did notvary
by time of day of sampling.

Muedication history, Mood pressure, body mass index, waist and hip
cirmumference, and information on adult and childhood occupational
soicial class, smoking, aloohol consumption, and physical activizy were
determined a8 previously described (100

Statistical analyses

Spearman’s rank correlation cocfficients were used 1o assess the
asgociations of continuous covariables with HMW adiponectin and
total ediponectin: There was oo statistical evidence that any of these
associations differed by case-control status, and therefore cormelation
cocfficients are presented for the whole sample jcases and controly
combrined). Distributions of HMW adiponectn, total sdipopectin,
and other cheracteristics are presented for cases and controls. 146f-
ferences betwecn cases and controls were assessed using an unpaired

|cermeendajoumals.ong 1847

I test for continuous variables and 3 est for caregorical variables.
Multiple logistic regression was wsed to assess the association of
HMW adiponectin with CHL with adjustment for covariables. Geo-
metric means and their 85 % Cl were wsed for positively skewed vari-
ablex {HMW adiponectin, total adiponecting CIP, glecose, msufing,
HOMA-IR scores, and trighycerides) with logged values used inore-
gression models. HMW adiponectin and total adiponectin were en-
tered as continuous varizbles (matwral logs of their levels) in these
regression modeis. Because regression cocfficients for fogped cxpo-
sure varighles are difficult to interpret, these effect estimates ane ex-
pressed as the rivk ratio of CHID for a dowbling of HMW or wotal
adiponectin, as in other prospective studics of the association of total
adiponectin with CHD. Possible nonlinear ssyociations: were cx-
plored by entering quarters of the HMW adiponectin distribution first
as a series of three indicator variables and then as 3 comtinuouws score
and computing & likelthood ratio test comparing these two nested
maodels. In the nested case control study degign, the odds ratio derived
from logistic regression directly estimates the incidence rate ratio and
hence the risk ratio (12, 13}, We repeated owr anzalyses using condi-
tivnzl logistic regression and found the same, although less precise,
resulin, All analyses were condwcted in Stata version 9.0 {Staza Corpy,
College Station, TX).

Results

One control did not have a baselme sample; thus, data were
available for 167 cases and 333 controls. HMW adiponectin was
correlated with tozal adiponectin {r = 0.75) (Table 1}, Both were
inversely associated with waist to hip rano, fsong msuling ghe-
cose, HOMA-IR, CRP, and miglyceride levels and positrvely as-
soctated with high-density hipoprotein cholesterol (HDL-C) lev-
els. There was no strong statstical evidence of heterogeneity
between the asseaations of either form of adipenectin with any
of these traits (all P values = .3).

Ceometric mean (95% Cl) levels of HMW adiponectin were
not different incases [4.07 [3.64—4.55) pe/ml] vs. controls [4.17
{3.90-4.47) pp'ml]: P = 0.7. As previously reported (9], cases
had higher fasting imsulin, glucose, HOMA-IR, low-density li-
poprotein-cholesterol {LDL-Ch and lower HDL-C, but tnglyc-
ende levels and systolic and diastolic blood pressure were sim-
ilar. However, the prevalence of hypertension and smoking was
greater, and wse of hormone replacement therapy (HET) bess at
baseline in cases compared with controls.

HMW adiponectn levels were lower m women who were m
manual, compared with nonmanual, social classes in adulthood,
but there were no strong associztions of smolking, physical ac-
tivity, alcohol consumpnion, or statn, aspinn, or HRT use with
HMW sdiponecion levels (full data not shown).

In multivariable analyses, there was no assoaaton bevween
HMW adiponectin and inadent CHI} (Table 2). The age-ad-
justed relatve misk rano for meident CHD for a doubling of
HMW adiponectin was 0.96 (95% 1, 0.78-1.18), and adjust-
ment for any of the potennal confounding or mediating van-
ables, including glucoss, did not substantively alter this (Table
1), The same was true when we removed the 25 women with
baseline diabetes (data not shown). Addittonal adjustments for
childhood social class, alcohol consumption, HET use, statin,
aspirin, or blood pressure medicanon did not alter the null as-
sociation (data not shown). When we examined the effect of
HMW adiponectin by guarters of its distribution, there was no
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TABLE 1.
British women aged 60-79 yr {n = 500)

Comelation of HWW adiponectin and total adiponectin with measures of adiposity, insulin, glucose, ard ipid kevels in

Spearman’s rank comelation coefficient

Spearman’s rank correlation coefficient

with HMW adiponectin P with total adiponectin P
HMW or total adinonectin 0,75 =000 075 =0.001
Aga 0.08 0.07 013 0.004
Body mass index -0z 0.008 -030 <0.001
Waist-hip ratio .26 <0001 -032 =0.001
Insulin ~L.35 =001 -4 <0001
Glucose -1 0.m -020 =0.001
HOMA-R ~0.30 =0.001 ~-0.38 =000
CRP =07 0.002 -020 =000
Total cholesterct 0.00 0.97 ~0:0z2 051
LDL-C o 0.24 -0m 063
HOL-C 037 =000 044 =0.001
Trighycerides —0.34 0.0 ~-0.4z =00
Systalic biood pressure —0.06 0.20 -0.05 036
Diastofic blood pressure oos 0.3 ] 062

evidence of any near or nonhnear assocanons (Fig. 1), There
was also no assoaanon of the ratio of HMW adiponectn to sozal
adiponectin with CHD nisk; age-adjusted relative nisk per dou-
bling of the rato was 1.10 {95% CI, 0.80-1.50}.

Discussion

As with toml adiponectn (9}, we could find no evidence of any
association of the HMW adiponectin (or its raio to total adi-
ponectn) with incident vascular events in this prospectve study
of older Briosh women. This finding further supports our pre-
viows contention (5 ) thar arculanng concentranions of adiponec-
tin {and its fractions) relate strongly to diabetes but not to vas-
cular event nisk.

Several aspeas of our study ment discussion. First, our
method of assessment of HMW adiponectn is relatively new but
robust, Althoogh Bluher and colleagues (14) questioned the ro-
bustness of this method for measurement of HMW adiponectin,
their study had only &0 women spanning glycerma thresholds
and reported no significant association of total adiponectin by
the ALPCO method with two other methods for total adiponec-
tin {both r = $.25; F value only descnibed as nonsignificant in
papert and also no association of either total or HMW fractions
with fasting insulin (r = — 009 and r = —{0.04, respectively, both
nonsignificant . By contrast, in our study of 300 women pre-
dominantly without diabetes, not only did the HMW fraction

correlate with total adiponectn (r = 0.75; P < 0.001) by a dif-
ferent method, the total adiponectin method by ALPCO corre-
lated with the R&:D ELISA ir = 0.89; P < (L.001) in a subset of
30 samples. Inadditron, the HMW fracnon correlated with both
fastng msulin (r = —0.35; P < 0.001) and with other metabolic
parameters in the expected directtons of association. Othershave
reported similar correlations between total and HMW adiponec-
tin: Halperin et al. {15) reported a correlaton of r = (.72 be-
tween percent HMW and total adiponectin using the velooty
sedimentation analysis method. Finally, the ALPCO HMW
method has been previously validated against the more conven-
tonal methods employed for adiponectin frachionation {see Sub-
fects and Methods) and has been shown by others (6, 18) o
perform well and correlate to insulin sensitivity and related pa-
rameters, at least as well as total adiponectin, i larger sied
cross-seciional studies than that published by Bluher ef af. [14).
Thus, methodological issues relating to the assay are unlikely to
explain our null findings,

Interestingly, 1n line with our data, Halperin et al. noted no
evidence of a relatonship between wocal adiponectin or percent
HMW and endot helium-dependent vasodilation {15), a vascular
risk surrogate, m offsprmg of diabetc parents. Furthermore,
mgher adiponectin levels predict a higher, not lower, sk for
cardiovascular disease mortality in the generzl population (17).
HMW adiponiectin also predicts higher ek of mortality in those
with heart fatlure {18}, an observation consmistent with a positive
correlation between arculanng adiponectn and brain natn-

TABLE 2. Multivariable assodations of HMIW adiponectin with incident cases of CHD {n = 167 cases and 333 controls)

Relative risk ratio (95% CI) for a P linear P nonlinear

doubling of HMW adiponectin tremd association
Model 1; age adjusted™ 056 (D.7E-1.18) o 095
Muodel 7: confoundsr adjusted® 0.98 (0.79-1.21) 0.8Bh 0,79
Muodei 3: adjusted for confounders and potential mediatos® 1.07 (0LB1-1.24) 0.ES DEE

F paoda T was adjusted Tor 3ge {oortinaous in yearsy

* Modal 2 was the same a5 model 1 phis adjuster for adut socal class four-ievel caiegorical varabée entered as 2 5iofe-1 parameter} Smoking (thres-evel categarical
variabie enteled 5 3 soHe-1 parEmetesn, and physicl activy (thres-iessl cateqorical vanahie entersd as 3 soore-1 parametan

* ModEf 3Was the same 5 midal 2 B | usted for walst to nip rata, sysoiic biood gressie, Tasting kevels of HOL frighveerde fogoen), ghucoss ogoed), inssdn

{ogued), and CRP flogped) (3 combrous varahis),
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FIG. 1. Proportion [percentage) of women with nddent CHD {cases) by
quarters of the distribution of HMW adiponactin, The vertical ines

rEprasent 95% I,

urenic peptide (19), These indings suggest that total and HMW
adiponectin have complex relanonships with vascular disease
and that in any gven population, some individuals have phys-
ologacal (i.e. benchicial) elevations, whereas others have patho-
lomcally doven elevated levels (ie. reflecong harmiul signals).
This suggestion provides 3 working hypothesis to explain par-
adoxical observabons.

Orar study has potential mitaoons, We used different assays
for total (R&D) and HMW (Al PCOY adiponecting, but our ob-
servabons above suggest this was an acceptable approach, Our
results cannot be extrapolated necessartly to men or other ethnic
groups. We accept that farger studies are needed to provide more
reassurance of our null result, although the adjusted resule of
1.0 ((L81-1.24} for iadent CHD events with a doubling of
HMW adiponectn s close to unity. Finally, although the cor-
relation between HMW adiponectin and HOMA-IR score was
not preaterthan betoreen total adiponectin and HOMA-IR score,
others have seen broadly somilar resules {20).

In condusion, despite evidence tosuggest HMW adiponectn
may be the biologrcally acove fraction of the adiponechin species,
our resulfs po agmnst a srong mveTse associabon between
HMW adiponectin and incidest CHD' events. These findings
further support a stronger assocaation of adiponectin {and its
fracnons| with diabetes than vascular disease.
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Serial changes in adiponectin and BNP in ACS
patients: paradoxical associations with each
other and with prognosis
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Plasma adiponectin is inversely associated with the risk of coronary heart disease in healthy
pecple. However, adiponectin and BMP (B-type natriuretic peptide) are both known to be
positively associated with a risk of poor outcome, and with sach other, in ACS {acute coronary
syndrome) patients. Serial changes in plasma adiponectin and BNP following ACS have not been
assessed previously, and may clarify these apparently paradoxical associations. In the present
study, adiponectdn, BNP, dassical risk markers and clinical parameters were measured in plasma
from 442 consecutive ACS patients in an urban teaching hospital, with repeat measures at 7 weeks
{n=338). Patients were followed-up for 10 months. Poor cutcome was defined as mortality or
readmission for ACS or congestive heart failure (n =90). In unadjusted analysis, the change in
adiponectin (but not baseline or 7-week adiponectin) was significantly associated with the risk
of an adverse outcome {odds rado (OR). 5.42 [95% Cl (confidence interval)., 2.78-10.55] }. This
associztion persisted after adjusting for classical risk factors and clinical markers, but was fully
artenuated by adjusting for the T-week BNP measurement [OR, 1.13 (95% CI, 0.27—4.92)], which
itself remained associated with risk [OR, 586 (95% CI, 1.04-32.94)]. Adiponectin and BNP
positively correlated at baseline and 7 weeks, and the change in both parameters over 7 weeks
also correfated (r=039, P = 0001). In conclusion, increases in plasma adiponectin (rather than
absolute levels) after ACS are related wo the risk of an adverse cutcome, but dhis relationship
is not independent of BNP levels. The resufts of the present study allude to a potential direct or
indirect relationship between adiponectin and BNP post-ACS which requires further investigation.

INTRODUCTION iwersely with markers of adiposity, including BMT (body

mass index} and percentage body fat in epidemiological
Adiponectin s 2 circulating adipokine which has  stodies [1] Adiponectin may have important metabolic
been shown to have the unusual property of correlating  regulatory functions [2], and it has also been suggested

BKey words acute coronary syndrome {ACS), adiponecun, B-type matnuretc peptide { BNP), heart fatlure, nsk marker.
Abbreviations: ACS, acute coranary ::\."rd{mml.';. ASE, American SD-ui:r_r aof E:hn:a:dingra.phy; BMI, b-n-cl;-' mass index; ENP
B-type natriuretic peptide; (ZHID, coronary heart disease; CHE, congestive heart fatlure; Cl, confidence interval; CV, coefficient of
variation; =GFR, estimated -glomu'uh.r filtration rate; HDL, high-i[eur.l}' |ipn;|mt!i.nq HF, heart faslure; I'DR_, Enlerquar:ile range,
L¥, left ventnicular; LVEE, LY sjection fracoon; EVH, LY hypertrophy; EVAM, LV mass; IVMI, INM index; LV5D, LV systobc
dysfunction; ML, myocardial infarction; OR, adds ratio; STEMI, 5T-elevation ML M5TEMIL, non-STEML; TMEFe, tumour necrosis
factor o,
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that it may have some important ant-inflammatory
properties [3]. In line with this, it may protect cardiac
tissue and limit atherogenesis through inflimmatory
dampening mechanisms [4]. Experimental models in
mice show that exogenous administration of adiponectin
limits weight gain or even leads to weighe loss [5]. In
addition, overexpression of adiponectin in the ApeE-/-
{where ApoE is apolipoprotein E) mouse model reduced
atherogenesis [6].

Although plasma adiponectin is clearly linked to a
lower nisk for dizbetes (as recently discussed in [7]), and
an initial study hoked low levels of adiponectin to an
increased nisk of CHID (coronary heart disease) events
in hezlthy men [8], a previous meta-analysis suppested
a more modest association with CHIY [9], Furthermore,
studies in people with prevalent CHF [congestive HF
{heart farlure)] or ACS (acute coronary syndrome) show
that high plasma levels of adiponectin are associaved with
greater disease severity [ 10,11] and with a higher nsk of
adverse outcome [12-15]. Thus circulating adiponectn
concentrations may represent both a protective or
harmful signal depending on the context.

BMNP (B-tvpe natruretic peptide} and s imactive
M-terminal metabolite NT-proBMNP (released in a 101
ratio during processing) are sensitive markers of cardiac
overtoad and are markers of prognoss in those with CHF
[16]. Several studies have shown positive correlations
of circulating basehne NT-proBNF and BNP with
adiponccon m those with prevalent CHF and coronary
artery  discase [10-15,17,18]. Indeed, in the recent
AtheroGene study [19], baseline adiponectin predicted
the risk of a poor outcome n CHF independent of
conventonal risk factors, but not independent of BME

In order to examine further the potential pathological
Iink between BNP and adipenectin, we investgated the
inter-relationship of crculatng adiponectin and BMNP
in #42 ACS patients both at baseline and at 2 7-week
follow-up (338 patients). Thos, for the first tme, we
examined the associadons of all of these measures
the risk of adverse outcomes &t 10 months to determine
whether the change in cither parameter was a better
predicror of adverse events than a single measurement.
We were also able to investigate whether a change in one
over time correlated with 2 change 1o the other.

MATERIALS AND METHODS

Study population

A total of 442 Caocasian patients with a diagnosis of
ACS (between August 2004 and MNovember 2006} were
consecutively recruited at Minewells Hospital, Dundee,
Scotland, UK. Patients were recrunted if they presented
within 72 b after the onset of ischaemic discomfort and
included those diagnosed with: (i} STEMI [ST-clevation
MI (myocardial infarcdon)], ST clevadon =1 mm in
two limb leads or =2mm in leads ¥V1-Vé or new
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left bundle branch block; (i) NSTEMI (non-STEMI},
no 5T elevation on ECG despite elevated tropomin
T =001 pg/ml; and (ifi) unstable anpina, ischaemic
chest pain fasting more than 30 min with no evidence
of myocyte necrosis or ST elevarion. Ethical approval
was obtained from the Tayside Committee of Medical
Research Ethics and all parmcipating subjects gave
written informed consent. Thee research was carried out
in accordance with the Declaration of Helsinki.

Dhuring the ACS sdmission, the patients underwent the
following climical procedures: (i) clinical history 2nd risk
factor analysis (i) evaluation of admission Killip class
defined as Killip class 1 {no cinical signs of HF}), Killip
class I (rales or crackles in the lungs, an §; pallop and
elevated jugular venous pressure), Killip class [T (frank
acute pulmonary oedema)and Killip class IV [cardiogenic
shock or hypotension (measured 25 systolic blood
pressure lower than %0 mmHg}, and evidence of peri-
pheral vasoconstricion {oliguria, cyanosts or sweatdnglh
i) ECG, presemce or ahsence of 5T devianon
{=1.0 mm}; (v} bedside BNP assay; {v) laboratory tests,
admission haemoglobin, ¢GFR (estimated glomerular
filtranon rate) wsing the modificaton of dict i renal
disease equation and serum troponin T levels; and (v}
bedside echocardiography, INSD [LV (left ventricular)
systolic dysfuncton] defined as INEF (LV ejection
fraction} = 45% ({using Simpson’s biplane method) and
LVH (LY hyperrophy) assessment.

Echocardiography

Transthoracic echocardiography was performed by onc
trained operator using an Acuson (Sequia 512) imaging
system with a 3V2C ransducer. The scan was performed
with the patient lying in the teft Jateral position at appros.
45 .

LVH assessment

Patients were studied with two-dimensional guided
M-mode echocardiography in standard views. All meas-
urements were made according to the ASE (American
Society of Echocardiography) recommendation at end
dizstole, taken as the onset of QRS complex. The leading
eidge to leading edge convention was used to measure
interventricular septal thickness, IV internal diameter
and LY posterior wall thickness. Measurements were
made over at least three separate cardiac cycles and
the average was taken. [VM (LV mass) was calcolated
according to the formula of Devereux et al. [20] [0.80
{ASE TVM)+0.6] and was indexed to body surface area
to give LVMI (INVM index). IVH was defined a5 LIVMI
greater than %5 g/m” in females and greater than 115 g/m”
in males in accordance to ASE guidelines [21].

LY systolic function assessment
Cruantitative assessment of LY systolic function was made
using 2 modified Simpson’s biplane method to calonlate
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zn INEE Three measurements from successive cardiac
cycles were made in the two-chamber and four-chamber
views, LVSD was defined as an EVEF = 45 %,

Blood sample collection and analysis
Samples were collected by venipucture into EDTA vaco-
tainer tubes or serum clot accelerators. One EDTA
vacutainer of blood sample was kept at room temperature
(18257} and was analysed for BNP within 4 h of the
draw time. Whole blood was analysed with the mage
BNP assay (Biosite) as reported previcusly [22]. The
inter-assay CV {coefficient of vanation) was 8.8% at
713pg/ml and 11.6% at 4088 pg/ml The detection
hmit was 5 pg/ml. An electrochemilumninescent
immunoassay approved for quantitaove measurement
of troponin T was provided by Roche Diagnostics
znd run on a Roche Modular EI70unit. At 0.06 g/l
a CV of 10% is achievable and the detection limit
was .01 pg/l. Blood samples for adiponectin or other
non-rooting analyte measurements were spun at 2000 g
for 13 min and the serum or plasma layers were aliquoted
within 4 h, snap frozen, and stored at —80°C. Total
plasma adiponectin was anatysed using 2 commercially
available kit (R&D) Systems). The inter-assay CV for the
adiponectin assay was less than §%. The same methods
were used for samples at follow-up measurements.

Follow-up measurements

Mt 7 weeks after baseline admission, an attempt was made
to re-examine patients with a full ECG, transthoracic
echocardiography to assess IVEF and routine blood tests
including repeat bedside BNP and freering of plasma
samples (average time of follow-up was 52+ 17 days).
Of the 442 baseline patients (of whom %0 experienced
adverse outcomes by 10 months), 433 were stll alive and
338 consented to continuing participation in the study at
7weeks (of whom 51 experienced adverse outcomes by
10 months). In relating BNP and adiponectn levels to the
nsk of an outcome we wsed all 442 baseline patients for
whom measurements were obtatned, and the 338 patient
samples available to us from the 7-week mezsorement.

End points

The end point of death from any casse, readmission
with ACS or admission with CHF was evaluated at
10 months {26579 + 8031 days). Informaton on end
points was collected from telephone interviews with
patients or reladves of patients, hospital databases
and patient case notes. The definition of readmisson
with ACS is a5 described above, CHF was defined
as hospitalization for & clinical syndrome involving
at least two of the following: paroxysmal nocturnal
dyzpnoea, orthopnoes, devated jugnlar venous pressure,
pulmonary crackles, third heart sound, and cardiomegaly
or pulmonary oedema on chest X-ray. These clinical
signs and symptoms must have represented a clear change

from the normal clinical status, requiring intravenous
duretics, inotropic support or vasodilztor therapy.

Statistical analysis

Continuous variables are summarired a5 medians and
25th-75th percentiles. For discrete variables, absolute
and relative frequencies per category are given. Variables
were loganthmically transformed 1o obtain normal
distributions, with tertiles of adiponectin genersted.
Inter-group differences were assessed using 2 3% test
or AMOVA, Spearman correlation coefficients are
reported. The association of adiponectin with adverse
outcome was examined m different binary logistic
regression models, first a univariate model, then in 2
model adjusting for classical nsk factors, a third model
zdditionally adjusted for baseline BNP and a fourth
model for 7-week BNE Goodness-of-fit of the models
was tested by Hosmer-Lemeshow. Statisucal signifi-
cance was determined at P 0.05.

RESULTS

Baseline characteristics

In the complete patient group the median BNP level at
baseline was 154 [1QR (interquartile range), 33-336] pg/
ml, and the median baseline zdiponectin level was
6.76 (1R, 4.16—10.82) pp/ml With continuous analyses,
the baseline correlation between BINP and adiponectin
wasr =032 {P = 0.001}

Table 1 illostrates the baseline characteristics of the
patients according to tertiles of adiponectin concen-
tration, As expected, ape increased across the tentles
of adiponectin (P for trend <0.001) Some other major
cardiovascular nsk factors showed inverse associations
with adiponectun incloding the proportion of male
gender (P < 0.001), BM1 (P = 0.001) and total cholesterol
(P=0.07), whereas HDL (high-density bpoprotein)-
cholesterol increased across tertiles (P < 0001 Blood
pressure, presence of hypertension, diabetes or smoking
habit showed no significant association with adiponectn
levels. Hermoglobin levels and kidney function (eGFR)
decreased across adiponectin tertles (P < 0.001). Among
clinical measurements, LVEF (P < 0.001) decreased, and
suboptimal prognosis according to Killip class increased
(! =10.004) with increasing adiponectin,

Changes in adiponectin and BNP from
baseline to 7 weeks
The median BNP level at 7 weeks was 94 (IOQR, 36—
198} pe/ml and the median adiponectin level was 5.49
(IQR, 3.48-8.99) pe/ml. With continuous analyses the
7-week correlation between BNP and adiponectin was
r=033{P=0.001)

The owverall change in adiponectin and BNP levels
between baseline and 7-week follow-up for the whole
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Table | Association between admission adiponectin levels (divided into thirds) and basefine characteristics of ACS patients

(n =441 with adiponectin measurement)

Values are sumbers (%) ar mediars (2%h—-T5cy HA) for contingows variables. The ape is meas & LO. P walues represent trends acres adiporecin Ginds. LESE,

feft bundie beanch black.

Batiem third adiponeciin beeel  Middle hied adiponectin bl Top thied adiponedtin leved
Characteritsic MABAES gk o —147)  (A8-B%4 ppimb o= [48)  (BSS-35A0 ppmbo—= 4T} P valest
At ipare) etn TRl RN = 0l
Gender {male/female) (o] 125021 (35 SIS %) IS (66 E4%) THTE [51%H43%) = L0l
Sritalic bioed prasure (makg) 130 {115-158) 131 (11B-150) 128 (110147} (]
Diartedc bhsod pressurs ) T8 51-41) 7 i§5-82) 0 g0 o
Tota! choleszeral (mmall) 512 (4.19-408) 481 M-8 451 (BS540 08
HIL chfesterol (mmol) LIS 19%-133) 131 {L11-14T) 150 {1.1-183 < L0l
B gl 180 50310 W -1 B0 128-290) < ol
imeking (r)

Mever 4% 31%) 57 (8% 52 {35%)

fan 41 8% TRE LAY 82 {354

Present 8 %) 47 %) 43 308 (R
Haemeglotin (/4] 5.0 {14.1-15.8) 11 [IL7-149) 133 (121144 <080
oGk fml-min'-173 @) 70 {5878 £ (52-75) &l 5173 = Ll
Tropeain T {ngéml) 027 (@01 185 B34 [0.06-14T) 31 [007-1.43) (£
Mo TT-sevation 405 (o] 181 (5% 11 [T5%) 110 {15% 1353
Trge 1 deabetes () 20 {14%) 13 (1% 16 {11% 148
Satary of hypertension (o] B 481%) 70 4% 4 {E 029
o deviation ¢a E0G (n] T3 {50%) 88 (46%) RG] H
1BEE o2 EOG (o) 4 L1%) 5 [14%) 1 8% 06
WEF 57 (89-43) 55 (4562} 5 354l Ll
19 B (B8 TR (L) M 7% 0.480
g class 1L 10 or IV o) B Y 3w 5 (7% 0504
BAF [pg/mi B 35-116) 151 (44-343) 139 {114-485) <000l

patient group are shown in Figeres 12 and 1h respectively.
As can be seen from these Fipures, both the change in
adiponectin and BINF were near-normally distriboted,
with the former being shghtly left-skewed and the
latter night-skewed (skewedness stapstic — 1.22 and 1.80
respectively). For both biomarkers there wasg a spread of
patiens with cither increases or decreases in either marker
over the 7-week mnterval, Figure 2 {with both markers
log-transformed to normality) shows o significamt
correlation between changes in BNFP compared with the
change in adiponecnn. Indeed the correlation {(F=0.39,
P = 0.001) was at least as strong as the baselineand 7-week
correlstions between the parameters noted above.

Associations of baseline adiponectin and
BNP with adverse outcome

In unadjusted models, baseline adiponectin showed a
borderline significant association with outcome {OR
{odds ratio), 2.06 [95% Cl (confidence interval}, 0.92—
4637 P=0.08} (Table 2a). Adjusting for classical risk
factors (including climical parameters) attenuated the
associztion [OR, 163 (95 % CI, 0.544.93]]. Subsequent
adjustments for BNP levels attenuated the assooation of
baseline adiponectin with risk to near unity. However, as
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seen in Tzble 2(b), BNP remained significantly associated
with poor outcome in every adjustment model, even
after adjusting for baseline adiponectn [OR, 336 (95%
CL 1.54-6.91]].

Associations of the 7-week adiponectin
and BNP with adverse outcome

Among those who survived the first 7 wecks following
ACS and who consented to further stedy, the 2ssociation
between 7-week adiponectin and the nsk of 2 poor
outcome was notconsiderably different to the asseciation
seen at baseline, and none was significant, perhaps due
to redoced power with fewer observations (Table 2a). In
contrast, the association of 7-weck BNP with the nsk
of a poor outcome was substantially stronger, and was
independent of classical risk factors and independent of
7-week adiponecun [OF, 6.84 (95 % CL, 2.54-18.45]]
{Table 2b).

Associations of the change in adiponectin

and BNP with adverse outcome

The change in adiponectin { Table 2a) appeared somewhzt
more strongly hnked to the nsk of an adverse outcome
than cither baseline or 7-week adiponectin. For the
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Table 2 Association between baseline adiponectin/BNF, T-week adiponectin/BMP, and change in adiponectin/BNP and
collective adverse outcomes of mortality, HF or ACS (n=51) within 10 months of index ACS events

Valoes are OR (75 % O} 0fs lor adiporectin and BNP are for | lop wnit increws i the pacent popalation. Jamil sk factors age, pender, BMI, pre-eisfing
hyperiemica, pre-exsting diabeter mefits. Kllip class [, I or IV, 5T deviation, lefi Sundle Brancy Blodi, log trogonin T on admission, chromic kidney dinease stapes
3, 4 or 5, INGE, smoking statm; Bzemogbin on admisian, aad total chalesieral and HOL-chokstzral coacemirations.
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Dassical risk facton+baseline BHF IL1B IB-1.64) - -
(Easical risk factors-+7-week ONP - 0.74 {07-2.18 -
(aasical risk factors and dhaage in BEP - - 37 (121
(=) ENF

ENP measurement
Adjuoment moded Bazabne ERP T-Weskt NP (bange in BEF
Umadjested 4739 (15-101) AT1 (3133-11.40) 133 (L1348
(Cassical risk factors 183 (13559 6.5 (249-1721) 107 (125189
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Figure | Untransformed overall change in adiponectin

and BNP berween baseline observations and follow-up
observations T weeks later in the patient group

change in adiponecting, the unadjusted OR was 5.42
(95 % CI, 2.78-10.35), znd attenuated to OF, 3,949 (95 %
Cl, 1.79-892) with adjustment for classical markers,
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Figure 2 Correlation of the change from baseline at
T-weeks follow-up for adiponectin and BNP

Delta valuer regrepent [log of the Soliow-up valee—log of te baseding valee) for
both adipanectin and BHE.

and to OR, 317 (95% Cl, 1.29-7.78) with additional
adjustment for the change in BINE. The change in BNP
was not itsclf independently associated with adverse
outcome in the fatter model, suggesang that the change
in adiponectin was the stronger marker.

Since the change in adiponectin and 7-week BINP
appeared to have the strongest independent associations
with outcome, we included both markers in the same
multivarizble model to test whether 7-week BNP could
explain the association of the change in adipenectin with
prognosis. After doing this, the change in adiponectin
was no longer associated with the risk of an adverse
outceme [OHR, 1,13 (95 % C1, 0.274.921], but the 7-week
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BEMNP measurement remained significamtly assoctated
[OR, 5.90 {95% CI, 1.04-32.94)].

DISCUSSION

To our knowledge, this is the first smudy to date o
examine the association of circolating adiponectin and
BEMP with the risk of poor outcome in 2 group of ACS
patients where serial measorements have been made.
Importantly, an incresse in sdiponectin 7 weeks after
admission was more strongly assoctated with the nsk of
an adverse outcome than 2 single measurement at either
time point; in other words, if adiponectin levels increased,
the adverse event risk was greater, whereas the absolute
levels of adiponectin at either time point were less
important. In contrast, the 7-week BNP measurement
was more strongly associated with nsk, supenor o
both bazeline and change in BNP measurements. In
terms of independent risk prediction, the strongest
marker of the nsk of adverse events wis 7-weelk BNP,
which was assoctated wath msk mndependenty of a
change in adiponectin. Finally, although the patterns
of risk associations of these markers are different, these
results allow us to show that, following index admission
for ACS, BNP and adiponectin associate with each other
at baseline and at follow-up, and that 2 change in both
markers also correlate (r=03%, P <0001}

The Ainding in the present study of a positive correla-
ton between basehine arcolanng BNP and adipo-
nectin, although apparently paradoxical on the basis of
presumed functions of adiponecting was an expected
result based on previous findings in similar patient
groups [10-13,17-19]. The present finding that 7-weck
BMNFP is more strongly related to adverse outcome
than BNP at admission 15 in agreement with 2 recent
study in 157 CHF patients, where discharge BINF was
shown to be strongly associated with poor cutcome [23].

We do not propose that the present resalts definitively
amswer the question of whether circulating BMP and
adiponectin are or are not chmcally wseful i the
prognoss of ACS. Rather, our results may give insight
into the pathophysiology behind increased nsk of ACS
recurrence, CHF or death following an index ACS event.
The resalts of the present study are suggestive of an
interesting and potentially important pathphysiological
pathway which links an increase in adipomectin to
adverse prognosis in 2 manner not independent of
ENE Although an observanonal study cannot imply a
causzl link, it is interesting to speculate on the potental
relanonship of adiponectin and BMNF following ACS

We found that absolute levels of BMNP st 7 weeks
were the strongest predictor of prognosis. This makes
sense, since levels of BNP following the setthng of
the acute-phase response andfor changes in clinical
therapies after an event will better represent long-term
cardiac/vascular status, and therefore subsequent nsk.
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In contrast with BENE increasing levels of adiponectin
following index ACS admitance were potentially
maore strongly related to rsk than baseline or 7-week
adiponectin, 2nd yet this relationship was dependent
on 7-week BNP in multivanable models. This may
be supggestive of some associadon between progressive
disease severity (as measured by follow-up BNI) and
changes in adiponccun. The AtheroGene investgators
have recently shown that the relattonshap of baschine
adiponectin with risk of death or non-fatal M1 in 2 group
of coronary artery disease patients 15 confounded by
associztons with BNP [19]. The results of the present
study now extend this observanon to show that the to
parameters also change in parallel post- ACS, such that the
risk assoriations of adiponectin with risk are dependent
on BN This provides evidence that there may be a direct
or indirect link between high post-ACS BNP and 2 nise
in adiponectin in those at grestest risk of poor outcome.

H there is a link between the two parameters, are
there any cloes to mechanisms? MNatriuretic peptides may
directly stimnelate higher adiponectin levels since a novel
lipalytic and potential lipid-mobilizing effect of natri-
uretic peptides has been identufied [24]. These actions
appear to be mediated by specific adipocyte membrane
receptors, which operate via a cGMP-dependent pathway
and they may indirectly stimulate sdiponectin production
[24]. Furthermore, infusion of atmal natiuretic peptide
(carperitide] in patients with HF leads 1o increased
plasma adiponectn levels [251 Abtermaovely, TNFx
{tumour necrosis  factor &) (among other pro-
inflammatory cytokines) has bern suggested o inhibie
adiponectin expression in tissue from healthy subjects
[26,27], but perhaps not in obese subjects [28]. TINFe is
known to be elevated in conditions such as CHF and
ACS [29], and hence, speculagvely, the inhibitory signal
may also be lost in such patients.

A recent attempt at explaiming the physiclogy behind
the reverse epidemiology of adiponectin in patients with
ACS and CHF has been made, with the authors sug-
gesting that elevated levels of adiponectin in these cases
represent an attempt at counter-regulation of systemic
inflammation [30]. Although this iz 2 possibility, the
additional possible direct cardioprotective and metabolic
rodes of adiponectin in ACS and CHF should not be over-
looked. Importantly, adiponectin may directly reduce
oxidative ischzemia/reperfusion injury [31-33], perhaps
alloding to a mechanism whereby elevated BNE in re-
sponse to cardiac inpury, induces an adiponectin-mediated
cardioprotective response. [nterestungly, this may also
be true in silent ischaemia since others. have suggested
elevations in BNF may also octur in silent ischzemia
[34.35], an observation potentially explaning why it 13
a better marker than simple echocardiography measares
of cardiac dysfuncoon. Additionally, from a metabalic
viewpoint, ACS and CHF are often considered to
be insulin-resistant states, althowgh individuals who are
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insulin resistant withoot cardiovascular complications
would be expected to have low levels of adiponectin. As
we recently suggested [11], high levels of adiponectin in
those wath ACS and CHF may be a reflection of a salvage
mechanism to improve nsolin resistance and fanty acid
omdation, perhaps at a cost of cachexia in some cases.
Pegardless of mechanisms, greater cardiac disease sevenity
may lead to a greater cardiological and metabolic salvage
attempt and thus higher adiponectin levels: Alternatively,
our speculation may be misguided and adiponectin
may just be 3 passive marker of other physiological
processes, its actions inhibited by peripheral ‘adiponectin
resistance’.

Limitations of the present study require consideration.
The group of 442 ACS pitients went on to have 90
end point events, and follow-up measurements were
based on 51 cvents in 338 patients, which represents
a2 relaovely low power for the study and we cannot
discount the possibility of type 11 errors. Nevertheless,
our results on baseline assoctations of adiponectin with
ape and the female gender [36], as well as with BNP
[t0-15,17-19], and the link to end points [19,2337],
1s comsistent with the literature and suggest the results
are externally valid. Further larger studies with seral
measurements are required to confirm and expand on the
potential mechamistic relationships of adiponectn, BNP
and cardiac stress. [n the present stody we do not focas
on the potential clinical vnlity of any mezsurement of
adiponectin or BNP in the ACS clinical setting, but on
pathophysiological changes in ACS which may require
further clinical stadies. O additional interest, the use of
genetics (e.g. Mendelian randomiration} may help to tease
out wheether adiponecin ts protective, harmful or passive
for vaseular nsk for a variety of patient/cohor groups.

In conclusion, in the present study we have shown for
first ume, using serial measurements, that an increase in
plasma adiponectin after ACS 15 strongly related to the
risk of an adverse outoome, but thar this relationship
is mot independent of BNP levels. Taken together
with evidence of apparently paradoxical correlations of
adiponectin and BMP at baseline, follow-up and in overall
change following ACS, our results allude 1o a potential
direct or indirect relationship between adiponectin and
BMP post- ACS that requires further investigation.
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Appendix 5

INFORMED CONSENT FORM

You are being invited to donate a small amount of blood which will be used in
the Vascular Biochemistry Laboratory, 4™ Floor, Queen Elizabeth Building,
Glasgow Royal Infirmary for method development or quality control purposes.

No significant risks are associated with taking blood samples. However, it can
cause minor bruising and only in rare cases may cause inflammation and
possible infection. The sample will be taken by a member of staff who has
qualifications in phlebotomy.

Please sign below if you are willing to participate.

| agree to donate blood for the above purpose

SIGN eveieeeereeeneeeennnns DAte oottt
Print NamMe ..ueeeereeeeccneecccnneeeeennns .

Researcher

SIGN eeeeeeeerereneeeeeeeens Date vt

Print Name ..eeeeeeeeceeeecceeeeennes .



